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BBenenune

COOpHHMK COIEpPKUT METOJUUYECKHE YKa3aHUs I10 BBINOJHEHHUIO MPAKTUYECKUX paboT 1o
aucuunHe: Martemaruka: anredpa, Hadajaa MaTeMaTHdecKOro aHalIu3a, TeOMEeTPHsL.

L[eﬂb HaCTOAIIUX MCETOAMYCCKUX yKaSaHI/Iﬁ — AaTb CTYACHTY HCO6XOI[I/IMLIC METOAUYCCKUC
yKa3aHUs 110 OpraHU3aliy 1 BBIIOJIHEHUIO IPAKTUYECKUX padoT B epuo]] yueOHOro npouecca.

[TpoBenenuto Kaxaoi pabOThl MPEAIIECTBYET KOHTPOIb U MOATOTOBKA K HEeW. J{i1st aToro mo
PEKOMEHAYEMBbIM y4eOHBIM MOCOOUSIM, JIEKIMSAM U HACTOSIIEMYy COOpHHKY CIEayeT pa3o0parbcs B
COJIEp’KaHUU 33aJJaHHOW MPAKTUYECKOW pabOThI, yCBOUTH OCHOBHBIE TOJIOKEHUS, HEOOXOIUMBIC IS
€€ BBIIIOJIHCHUS.

CryneHTbl JOJDKHBI NPOSBIATh HAyYHBIM M IPAKTHYECKUH HMHTEPEC K IMPAKTHYECKUM
3aHATHUSAM, CTPOTO BBIOJIHATH Y4eOHBIH rpaduK, CTaBUTH MOMCKOBBIC BOMPOCH M 3amadn. Kpome
TOTO, CTYJIEHT JIOJDKEH CaMOCTOSTENIbHO paboTaTh ¢ aurepatypoid 1 YMK, a Takke KpaTko U 4eTKO
BBIPAXaTh CBOM MBICJIH TIPH 3aIUTE PaOOTHI.

B npouecce nposeeHusi NPaAaKTHYECKUX pPadoT peaJn3ylTcs KOMILUIEKCHAs NPOBepKa

CJIEAYIOIUX 3HAHUI U YMEHHUIA:

Pesynbratel [Toka3zaTenu OLEHKH pe3ybTara

0o0y4eHus

3,V (Kon)

V.1 - BBITIOJTHSIET apu(hMETHICCKUE IEHCTBUI Ha/T YiCIIaMU (IIeITBIMH, JCHCTBUTEILHBIME U

palMOHATILHBIMU; OTPULATEIbHBIMU U TIOJ0KUTEIbHBIMH);

- YMEEeT HaXOJHUTh NPUOIMKEHHBIC 3HAUEHHS BEJTMYUH U TIOTPEIIHOCTEH BBHIYMCICHUH
(aOcomoTHAs U OTHOCUTENbHAS);

- YMEET CPaBHUBATH YHCIIOBBIC BEIPAKECHUS;

- HaXOJUT 3HAUEHUs KOPHS, CTENEeHH, JOorapu@ma, TPUrOHOMETPUUYECKUX BBIPAKEHUIN
Ha OCHOBE OIpENEeNICHUs, WCIONB3Ysl TPH HEOOXOIUMOCTH HHCTPYMEHTAIbHbIC
CpEICTBA;

- BBINIOJHSIET TMPeoOpa3oBaHUsI BHIPAKECHUH, TPUMEHSST (OPMYIBI, CBSI3aHHBIE CO
CBOWCTBaMHM CTENEHeH, JorapuMoB, TPUTOHOMETPUUECKUX (PYHKITHIA;

- yMeeT BBIYUCIIATH 3HAYeHHsS (YHKIUHU IO 33JaHHOMY 3HAYCHHIO apryMeHTa TpU
pasInYHbIX crioco0ax 3afaHus QyHKINH;

- YMEEeT CTPOUTh I'paMKU U3YYEHHBIX (YHKIUI;

- HAXO/IUT MPOU3BO/IHBIE FTTEMEHTAPHBIX (PYHKIIHIA;

- WCHOJB3yeT TMPOU3BOJHBIE [UISI HW3YYEHHUS CBOHCTB (YHKIMA W TIOCTPOCHUS
rpauKoB;

- IPUMEHSIET MTPOU3BOIHYIO JUISI TIPOBEICHUS MPHOIMKEHHBIX BBIYUCICHHNA, PEIICHUS
3aJa4 MPUKIAJHOTO XapakTepa Ha HaxOXJEHHE HaumOONbIIEr0 M HAMMEHBIIETOo
3HAYCHUS;

- YMEEeT BBIUMCIATH B MPOCTEHIINX CIIydasxX IUIOLIaJd U O0OBEMBI C MCIOIb30BaHHEM
OTIPENIeIICHHOTO WHTETpaJa;

-ymMeeT pearb panroHaIbHbIE, noka3aresbHbIE, JorapupMHUECcKue,
TPUTOHOMETPHUYECKUE YPABHEHHS, CBOJSAIINECS K JTMHEWHBIM M KBAJIPATHBIM, & TaKXKe
AQHAJIOTUYHBIX HEPABEHCTB M CUCTEM;

- pacmo3HaéT Ha YepTekax U MOJEISIX TPOCTPAHCTBEHHBIX (popM;

- ONHCHIBAET B3aMMHOE PACIHOJOXKEHHE NPSIMBIX M IUIOCKOCTEH B IPOCTPAHCTBE,




apryMeHTalus CBOMX CYKJIEHHUI 00 3TOM pacroioKeHUH;

- aQHAIM3UPYET B MPOCTEHIIMX CIy4asX B3aUMHOIO PACIOJIOKECHHS OOBEKTOB B
MIPOCTPAHCTBE;

- BBITOJIHSET YEPTEKU 10 YCIOBUAM 33]1a4;

- YMEeT CTPOUTh IpOCTeiine ceueHus Kyoa, mpu3Mbl, TUPAMU/IBL;

- peliaer IUITAHUMETPUYECKHME U MPOCTEHIINE CTEPEOMETPUUECKUE 3a7add  Ha
HAXO0XJICHUE T€OMETPUYECKUX BEJIMYHH (IJIMH, YTIIOB, IUIOMIAaeH, 00beMOB);

- UCTIOJIB3YET NIPH PEIICHUU CTEPEOMETPUUYCCKUX 33]a4 TUIAHUMETPHUSCKUX (PAKTOB U
METO/IOB;

- POBOJIMT JIOKA3aTEJIbHBIC PACCYKJICHUS B XO/I€ PEIICHUS 3a/1ay.

V.2 - YMEET UCIOJIb30BaTh IpauecKuii METO pelIeHUsI YpaBHECHUI U HEPABEHCTB;

- yMeeT u300paxkaTh Ha KOOPAMHATHOM IJIOCKOCTH PELICHUsI YpaBHEHUH, HEPABEHCTB
U CUCTEM C JIByMsI HEU3BECTHBIMU;

- 3HAaeT ONpECNICHHE CBOWCTB (PYHKLUH 10 €€ TpaduKy

- YMEET COCTaBJIATh U PEIIaTh YPaBHEHUS U HEPABEHCTBA, CBSI3bIBAOLIME HEU3BECTHBIE
BEJIMYMHBI B TEKCTOBBIX (B TOM YMCJIE NPUKIIAJHBIX) 3a]]a4ax.

3.1 - BBIMOJIHAET NPAKTUYECKUE pacyeTsl o hopMyiam, BKiItoyast pOpMyIibl, coieprKaiue
CTETICHH, PATUKAIbI, JIOTapU(PMBI U TPUTOHOMETPHUECKUE (DYHKIIMH, UCIOIB3YS TpPU
HEOOXO/JMMOCTH  CIIPaBOYHbIE MaTepuanbl M  MPOCTEHIINE  BBIYUCIUTEIbHbIC
YCTPOMCTBA;
- HHTEpIPETUPYET IpapUKU peabHbIX IPOLECCOB;
- HCCENyeT U IMPOBOJUT IOCTPOEHHE MPABUIbHBIX MHOIOIPAaHHUKOB Ha OCHOBE
U3y4eHHBIX (POPMYJI U CBOMCTB reOMeTpHUECKUX QUryp;
- HA3bpIBAaCT IIOCJIEOBATEIBbHOCTh JACHUCTBUM IIPU PEIICHHM CHUCTEM YpPaBHEHUM
pa3IoKEHUEM Ha MHOXHTEIHM, BBEJICHHEM HOBBIX HEM3BECTHBIX, I10/ICTAaHOBKOM,
rpadu4ecKuM METOJIOM;
- (opmynupyer onpeneneHUs U MEPEUYUCISeT CBOICTBAa CKaIsPHOrO, BEKTOPHOTO U
CMEIIaHHOTO MPON3BEICHUS BEKTOPOB;
- (opmynupyer npasuia auddepeHIrpoBaHUs U Ha3bIBaeT MPOU3BOJHBIE OCHOBHBIX
AJIEMEHTApHbBIX (PYHKLINMH;
- Ha3bIBAET TAOJIMYHbIE HHTETPAJIBL;
- (hopmynupyeT Ki1laccu4ecKoe onpeesieHue BEpOSITHOCTH;
- 3HAeT MOCJIe0BATENbHOCTh JEWCTBUI NIPU BHITIOJIHEHUH apu(METHUECKUX JeHCTBUI
HaJ YUCIIaMU;
- HAXO/IUT NMPUOIU3UTEIbHBIC 3HAUYCHHSI BEJTUYUH;
- nccienyet GyHKIHUU U CTPOUT IrpauKy;
- mpeoOpasyeT rpaduku GyHKIMIA;
- ucnosib3yeT (Gopmyibl g NpeoOpa3oBaHUsS NPOCTEHIINX TPUTOHOMETPHUUECKUX
BBIPAXCHUM U PEILICHUS TPUTOHOMETPUYECKUX YPAaBHEHNUN U HEPABEHCTB;
- mpeodpas3yeT BBIPAXKEHUSI, COJIEpKalllle CTENEHb C pallOHaJIbHBIM IOKAa3aTeNIEM,
pauKaibl;
- IpeoOpasyeT JorapupMUyIeCcKue BhIPaKEHUS,
- pemlaeT HppaluoHaNbHbIE, TOKa3aTelbHble U JOrapu(pMHUUECKUE YpaBHEHHS U
HEPaBEHCTBA;
- HAXO/IUT MPOU3BOHBIE (DYHKIIHH, UCTIONB3YS POpMYIIbI TG PEpEeHITUPOBAHNUS;
- TIOJIb3YeTCSl TEOMETPUYECKUMHU npeoOpa3oBaHUsIMU MIPOCTPAHCTBA:
napajjieNibHbld  TIEPEeHOC, CHMMETPHUSI OTHOCUTENBHO IMJIOCKOCTU IPU U300paKeHUH
MIPOCTPAHCTBEHHBIX (QUTYD;
- HAXO/IUT MOBEPXHOCTH, BEIYUCISET 00EMbl MHOTOI'PAHHUKOB M KPYTJIBIX Tell.

3.2 - moab3yercss (GopMyllaMH BBIYHCIEHUS JJUH, IUIOMIaAedl W O0ObEMOB pealibHbIX

00BEKTOB npu pCeHICHUU TMPAKTUYCCKUX 3a/lad, HCIIOJIb3yd IIpU H606XOJII/IMOCTI/I
CIIPAaBOYHHUKHN U BBEIYUCIIUTCIBHBIC yCTpOfICTBa;




- MOJIL3YETCS allapaToM MaTeMaTHYeCKOro aHallu3a MpU PEUICHUH TeOMETPHUYECKHUX,
(bU3HYECKUX, YKOHOMUYECKUX U JAPYTrUX MPUKIAJHBIX 33a71a4, B TOM 4YHCJE 3a/1a4d Ha
HarOOJIbIINE M HANMCHBIINE 3HAYCHUS,

- aHaJIM3UpYyeT pealbHbIC YHCIOBBIC JAHHBIC, MPEACTABICHHBIC B BHUJE JHATPAMM,
rpaduKoB;

- aHAMM3UPYET HHPOPMAITHIO CTATUCTUIECKOTO XapaKTepa;

- 3HaeT (POPMYIMPOBKY Fr€OMETPUIECKOTO M MEXaHUIECKOT'O CMBICIIA IIPOU3BOTHOM;

- 3HACT MPUJIOKEHHUE OINPEACTCHHOr0 MHTErpaja K BBIYHCICHUIO TUIOMIAICH MIOCKHX
¢buryp, o0beMOB TeIl BpalICHHUS, ITYTH, IPOHIEHHOTO TOYKOM;

- yMeeT ONHCHIBaTh TMPOIECC B €CTECTBO3HAHMM M TEXHUKE C MOMOIIBIO
nudepeHIAIbHBIX YPaBHCHUM.




Kpurepun oneHkn npakTuyeckux pador:

Iloka3atesn oueHNBAHUS l'[paKTI/I‘le(:K()ﬁ paﬁoTLI

HaumenoBanue OIIOP | 25 6annos 20 6ans10B 15 6a0B 10 6a10B
1.Bnagenue  3HaHusAMHU | 3HAET U IOHMMAET | 3HAET u|B nenom | He  packpeiBaer
TEPMHUHOJIOTUU TEPMHHBI U | IOHUMAET IIOHUMAET, HO | coaepKaHHe
onpeeeHus TEPMUHBI U | JOIyCKAaeT TEPMUHA,
OIlpeJiesIeHus, HO | OLIMOKHM B 3HAHUM | HEYMECTHO
JIOITYCKaeT TEPMHHOJIOTUM U | IPUMEHSET
HE3HAYUTEIIbHBIE | OIPEIEICHUN, TE€PMHHBI
OLIMOKH UCIPABIISET
110CJIE 3aMEYaHNN
2.Pe3ynpTaTUBHOCTh Nudopmanus WNndopmanms CryneHt WNudopmanms
MH(POPMALIMOHHOTO HaliZieHa BEPHO, | HaliJicHa HE | CaMOCTOSITENIbHO, B | HalJicHA HE
IIOMCKa HeOOoJIbIINE HOJIHAs C | CpOK, C | moyiHas c
HE0YEThI HETOYHOCTSIMU, HeZ04YeTaMU HETOYHOCTSIMH,
HCIIPABIIAIOTCS KOTOPBIE CTYAEHT | BBIIIOJIHSAET KOTOpBIE CTYAEHT
CTYJEHTOM Cpa3sy, | UCIIPABISAET 3aJaHus, C | HE MOKET
IIOMOT'aeT B IIOUCKE | CAMOCTOSITEJILHO | IOMOIIBIO UCIIPABUTH 6e3
uHpopManuu IpenojaBaTesis IIOMOIIIH
OJIHOTPYITHUKAM JIEJIaeT BbIBOJIBI npenojaBaress
3.CkopocTh 1 CryneHt Crynent Cryaent Crynent C
TEXHUYHOCTb CaMOCTOSITENIBHO, B | CAMOCTOSITENIbHO, | CAMOCTOSITENBHO, B | [IOMOILBIO
BBITIOJIHEHUS 3aJaHUN CPOK M  BEPHO | B CPOK, C | CpOK, C | mpenogasarels,
BBITOJIHSET HEOOIbIINMU HeZ04eTaMu HECBOEBPEMEHHO,
3aJaHus,  JCNAeT | Helo4YeTaMu BBITIOJIHAET c Hel04YeTaMu
BBIBOJIbI, TIOMOTAET | BBIMOJIHSIET 3aJ1aHus, C | BBINOJHSET
OJIHOTPYIIIHUKAM | 3aJjaHus, JeJaeT | IOMOIIBIO 3a/laHus, c
BBIBO/IbI, npenoaaBarens MOMOIIbIO
IIOMOT'aeT JIEJIaeT BBIBOJIBI npenoaaBaTess
OJIHOTPYIITHUKAM JIEJIaeT BBIBOJIBI
4.0¢dopmienue 3aianuil | 3agaHus 3agaHus 3agaHus Odopmiienne He
odopmiiser odopmIisier BBITIOJIHSIET COOTBETCTBYET
aKKypaTHO B | aKKypaTHO,  HO | HEAaKKypaTHO, CO | TpeOOBaHUAM
COOTBETCTBUU C | UMEIOTCs 3HAYUTEJIbHBIMU
TpeOOBaHUAMU 3aMevyaHus 3aMeYaHUsIMU
npenojaBarens, B
COOTBETCTBUU c
I'OCT
5.AprymenTtupoBaHHOCTh | B mnucemenHoit u | B nucemennoii u | [IpuBoaur IIpuBoaut
CYKJI€HHUW, IIUPOTa YCTHOM peuu | yCTHOU peuu | IpuMepsl, npuMepsbl, (GaKThl,
Kpyrosopa MIPUBOJIUT MIPUBOJIUT OIMCHIBAET OIMCHIBAET
npuMepsl, (aKThl, | IPUMEPHI, ABJIEHUS, (aKTHI, | SIBICHUS, HE
OIMCHIBAET (baxThl, HO 3aTpyJHSETCS B | J€JNaeT  BBIBOJBI,
SIBJICHUS, OTHCHIBAECT JIOTUYECKOM CpaBHEHHUS
IIPOU3BOJIUT SIBJICHUS, U3JI0KEHUH,
CpPaBHEHMSI, aHaJIN3, | IPOUZBOIUT aHaJuse,
JIEJIaeT BBIBOJIBI CpPaBHEHMSI, CPaBHEHMUH,
aHaJIu3, JIeJaeT | BhIBOAAX
BBIBOJIbI, HO




3aTpygHsieTcsl B

MOCTPOCHHUH
JIOTHYECKOT0
U3JI0KECHUS
maTepuana
6.ITouck, 06paboTKa u Paboraer c | PaGoraer ¢ | Henmocrarouno [IpoBenen mouck
MIpeI0CTaBIICHUE JUTEepaTypOi, JUTEpaTypOu, poBeJeH cOop u | U coop
uH(pOpMAIUU TIO IIOMCKOBBIMU IIOMCKOBBIMU o0paboTka uHpOopMaLuy,
M3y4aeMOMy MaTepuaiay | CUCTeMaMu, CUCTEMaMHU, uH(popManuu, TeMa HE PACKPHITA,
MOJrOTOBJICHHAS MOJITOTOBJICHHASL | IPEJOCTaBIICHUE WIN HE
uH(popManus uHbopManus uH(pOpMallUd  HE | COOTBETCTBYET
COOTBETCTBYET COOTBETCTBYET COOTBETCTBYET 3aJaHHIO
TeMaM  3aJlaHus, | TeMaM 3ajlaHus, | TpeOOBaHUsAM
MOJTHO ~ PAcKphITa, | OJHO PACKPHITA,
oTOOpa)keHa, TMpH | IPEIOCTaBICHUE
HE00X0IMMOCTH UHpOpMaLIUK HE
COTPOBOXKIACTCS B TIOJHOW Mepe
HATrJISITHOCTHIO COOTBETCTBYET
(cxemamu, TpeOOBAHUAM
PUCYHKAMH),
MIPEIOCTABIISACTCS
JIOTHYHO B
COOTBETCTBUU c
TpeOOBAHUSIMHU,
JAIOTCSl CCBUJIKU Ha
WUCTOYHUKHU
7.Mcnions3oBanue 3HaeT yCcTpouCTBO, | 3HAEeT He B nonnoii mepe | He B  mnonHO#
yueOHO-1a00paTOPHOTO | Ha3HAYEHUE, YCTPOKCTBO, BJIaJICET 3HAHUSMH | Mepe BJIaJICET
000opy0BaHUS ISt METOJIbI paboThl C | HA3HAYECHHUE, YCTpOICTBA, 3HAHUSMH
peleHus MPaKTHYECKNX | yaeOHO- METOABl paboTHl | HA3HAUCHMUS, YCTPOKCTBA,
3a/a4 (M3MEpUTENbHbIE | TaOOpPaTOPHBIM c y4eOHO- | MeToJaMi paloThI | HA3HAYCHHS,
MPUOOPHI U 000pyI0BaHUEM, 1a60paTOPHBIM c y4eOHO- | METOIaMH PabOThI
WHCTPYMEHTHI) MIPOU3BOTUT o0opyJoBaHuEM, | JJaOOPATOPHBIM c yuebHo-
paboThI ¢ | HO JOTyCKaeT | 000pyI0BaHUEM. 1a60paTOPHBIM
MPUMEHEHUEM OIINOKHU B | [IpousBonut 000pyJIOBaHUEM.
y4eOHO- pabote ¢ yueOHO- | paboThI ¢ | IlpousBonaut
71a00paTOpPHOTrO 1a00paTOPHBIM 3aMeYaHUsIMU, paboTsI c
obopynoBanuss B | o0opyaoBaHuEM, | coOJ01aeT HapylIeHueM
COOTBETCTBUU c | cobmoaaer TEXHHUKY TEXHOJIOTHH,
TpEOOBaHUSIMU U | TEXHUKY 0€301acHOCTH MPUHIIMIIOB
TEXHOJIOTHEH, 0€30MacHOCTH, paboTsl, uMeer
coOmromaer OepexHO 3aMeYaHus o
TEXHHUKY OTHOCHUTCS K TEXHHUKE
0€30TmacHOCTH, 000pyI0BaHHIO 0€30MacHOCTH
OepexxHo
OTHOCHTCS K
000pyIOBaHUIO.
Moxet 0Ka3aThb
noMmoInis B paboTte
OJIHOTPYITHUKAM
8.Bpems Ha BbinonHenue | CoOumoneHue [IpeBbieHne [IpeBbieHne [IpeBbimeHNe
3aJaHHsI BpeMs U | BpeMeHU BPEMCHH BPEMCHH




IMOATOTOBKHA BBLIIIOJIHEHUS Ha | BBINOJHEHHWS  Ha | BeimonHeHus Ha 30
3amanusi, cpokos | 10 % 20% u 6osee %
CIa4y 3aIaHui.

MeToanka npoBeeHusi KOHTPOJISI 1 KPUTEPUH OLIEHKH padoT

Kaxcz[a;l HpaKTI/I‘IeCKaH pa60Ta BBIITOJIHACTCS CTYI[GHTaMH B X0O€ yqe6H0r0 3aHATUA UJIN BO
BpeMsi, OTBEACHHOE Ha CAMOCTOSATEIbHYIO BHEAYAUTOPHYIO PabOTy CTYJACHTA 10 WHAWBHIyaIbHBIM
3aJIJaHUSM TI0CTIE H3yYSHUSI COOTBETCTBYIOIIEH TEMBI.
PaboTa onieHMBaECTCS 110 MATHOAIILHON CHCTEME:
Ouyenka 5 (omauuHo) BBHICTABIISICTCS B CITyYasiX MOJIHOTO BBIMOJIHEHUS BCETO 00BEMA paboThI,
OTCYTCTBHSI CYIIIECTBEHHBIX OIIMOOK MPH BBIYUCICHUSX U IIOCTPOCHUSAX IPa)UKOB U PUCYHKOB,
FpaMOTHOFO 148 aKKypaTHOI‘O BBIITOJIHCHUS BCEX BaHaHHfI, HaJIM4YuA BBIBO/JIA.
Ouenka 4 (xopouto) BHICTABJISACTCS B Cydae IMOJTHOTO IIPH HAJIMYKHU BBINOJIHCHHS BCEro 00bEéMa
paboThl M HECYIIECTBEHHBIX OLIMOOK MPH BHIYUCICHUSX U IIOCTPOCHUH IPa(h)UKOB M PUCYHKOB, HE
BJIMSIFOIIMX HA OOIIUI pe3ysibTaT pEIICHusI.
Ouyenka 3 (yooenemeopumenbHo) BRICTABIISICTCS B CITY9asiX B OCHOBHOM TTOJTHOTO BBITIOJTHEHUS
paboThI P HATMYMH OIIUOOK, KOTOPBIC HE OKA3bIBAIOT CYNICCTBEHHOTO BIIMSHUS HA
OKOHYATEJIbHBIN PE3yJIbTar.
Ouyenka 2 (neyooenemeopumenbHo) BHICTABISIETCS B CIy4ae, KOT/Ia JOIMYIIEHbI MPUHIUITHAIIBHBIE
omuOKku (meperyTanbl GopMyITbl, HApyIIeHa OCIEI0BATEIBHOCTD BEIYUCICHHH, OTCYTCTBYET
nepeBo1 puzndeckux BenuunH B cuctemy CU u 1.11.).

B Teuenue Bcero BpeMeHH 00yueHHsl CTYIEHTY NPEI0CTABISETCS BO3SMOXKHOCTb TOBBICUTh
pe3yJIbTaThl YCBOCHUS YU€OHOU JUCIUIUIMHBI TYTEM TOBTOPHOTO BBIIIOJHEHUS IPYroro BapUaHTa.




IIpakTyeckue padora
Ilpakmuueckas pavoma Nel: Tpenasicepvt no meme: Llenvie u payuonanvnsle uucaa.
Hens: moBTOpUTH EUCTBUS HA/ LIETBIMU U PAIUOHATBHBIMHU YHCIIAMHU.
dopma opraHuzaluy CTyJIEHTOB Ha 3aHATUN: WHAUBHUYaJIbHAS.
Meroauueckue ykazaHusl.

JHpobu nenarcsa Ha OOBIKHOBEHHBIE U iecsiTHUHbIE. [lecsTiuunas ApoOb- 3TO, O CYLIECTBY Apyras ¢popma
3anucu. B Buae necaTuuHON ApoOr MOKHO MPEACTaBUTH JH00YI0 OOBIKHOBEHHYIO IpO0b, 3HAMEHATEIh
KOTOPOU SBJISIETCS ISTTUTENeM HEKOTopo# cteneHu uncia 10. Ecinu k gecsaTuaHoi 1po0u mpumnmcaTh
CIpaBa HYJIb WIH HECKOJIBKO HYJICH, TO TIONyYUTCs paBHas el 1po0b. Ecnu necaruunas npo0b
OKaHYMBAETCS OJTHUM WJIM HECKOJIbKUMU HYISIMH, TO

9THU HYJIN MOXHO 0T6pOCI/ITI>' MOJIYYHUTCS paBHAA en I[p06b.

[Ipu cnoxeHuu AeCATUYHBIX ApoOei Ha/lO 3amucaTh UX OJHY MOJI APYroil Tak, YTOOBI OJIMHAKOBHIE
pa3psabl ObUTH JPYT MO JPYTOM , a 3amsaTas -I0Jl 3aIATOH, U CIOXKHUTh IPOOH TaK, KaK CKJIaIbIBAIOT
HaTypalbHbIe unciia. B oTBeTe 3amsiTas pacnosiaraercs noj 3ansteiMu Hampumep,

+

a1 2 AHaJOrMYHO BBINOJIHAETCS BBIUUTAHUE AECATUYHBIX ipo0eit. [lpu

1, 0 5 YMHOKEHUH JIECITUYHBIX APO0EHI0CTaTOUHO IEPEMHOXKHUTH 33JaHHbIEC YHCIIa,

1, 17 He oOpallasi BHUMaHUS Ha 3aIsThle (KaKk HaTypaJibHbIE YHMCIIa), a 3aTEM B
pe3yabTaTe clipaBa OTAEIUTD 3aISTON CTOJIBKO LHUDP, CKOJIBKO UX CTOUT IOCIE
3ansTol B 000MX MHOKUTENISAX CYMMapHO.

T

Jlenenue aecATUYHOM JpoOu Ha HATYpaIbHOE YUCIIO BBIIOJIHIETCS TAK XKe, KaK

JIEJICHNE HaTYPaJIbHOT'O YNCIIa HA HATYPAJIbHOE, a 3alIATyI0 B YaCTHOM CTaBAT

IIOCJIE TOTO, KaK 3aKOHYEHO JIeJIeHHE Lenol yactu.  Jljig Toro

2 YTOOBI Pa3AEIUTh AECATUYHYIO JPOOb HA JECATUYHYIO HY’KHO U B JISIMMOM U B

JIeJIUTENe MEPEHECTH 3aIATYI0 BIPABO HAa CTOJIBKO LU(]P, CKOJIBKO UX UMEETCS

027 56] B fenutene.  Jis TOro 4yToOBI CIOKUTH ( WIIM BBIUECTh) JIBE

OOBIKHOBEHHBIE IpOOU C pa3HbIMHU 3HAMEHATESIMU HYXKHO MPEIBAPUTENBHO IPUBECTU UX K

HauMEHbLIEMY 00IIeMY 3HaMEHATEI0, 3aTEM CI0KHUTh

X

SN
W

~ Oy
(R
(o TR N

(BBIYECTD) YUCIUTEND MIEPBOM JPOOH C YUCIUTENEM BTOPOil 1podu, a

7 + 5 28 n 15 43 7
3HaMEHaTeNlb OCTaBUTh TeM k€. Hampumep ,9 12 36 36 36 36 [IpousBenenue nByx
npoOeit paBHO IPoOU, YUCIUTENb KOTOPOW paBeH MPOU3BEICHUIO YNCITUTENIEH, a 3SHAMEHATENIh PaBEH

MIPOM3BEICHUIO 3HaMeHaTesel. J[Ba uncia Ha3bIBalOTCS B3aMMHO OOPAaTHBIMU, €CJTH UX TTPOU3BEICHUE
1

3M < y
paBHO 1. Hanmpumep, 3. Ilpu nenenun oObIKHOBEHHOM 1poOM Ha OOBIKHOBEHHYIO P00 YHCIUTEND
JeTUMOT0 YMHOKAIOT Ha 3HaMEHATeJb JEJIUTENs, a 3HaAMEHATellb AEIMMOI0- Ha YACIUTENb JEeTUTeNs.
IlepBoe mpou3BeeHNE CIIY>)KUT YUCIUTENIEM, @ BTOPOE 3HAMEHATENIEM YacTHOTO.

1 BapuanT

1. BeruucnuTe 3HAYCHUS BBIPAKCHUM:
2 11 321
a -t t——;
7 21 49
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b) (§+Zj-0,7:%

45 17
2. IlpencraBbTe B BUJI€ OOBIKHOBEHHOH TpOOH:
a) 0,125;
b) 0,46;
c) 1,328.
3. IlpencraBbTe B BUjE ACCATUYHON APOOH:
B b o),
125 16 25
2 BapHaHT

1. BrruucianTe 3HaYEHHUSA B]':»Ipa)KeHPIfIZ

5 7 9
Q) —+—-+—;
6 33 22
o >:2.2 oo
11 8 40
2. IlpencraBbTe B BUJIe OOBIKHOBEHHOM JPOOH:
a) 0,314,
b) 0,58;
c) 7,11
3. IlpencraBpTe B BUAE AECATUIHON qpoOH:
625 16 13

Kpurepun onenuBanus:

Ouenka O0ocHoBaHMe OLICHUBAHUSA

«OTIUYHO» Bce 3aganus BBINOJIHEHBI IPABUIIBHO
«Xopomo» [TpaBHIIbHO BBINOIHEHHI JIIOOBIE 6-7 3a7aHMs
«Y 1OBJIETBOPUTETILHOY [TpaBUIIbHO BBIMIONHEHHI TIO0BIE 4-5 3aMaHus
«HeynoBiaeTBOPUTETBLHO» [IpaBUIbHO BHITIOJIHEHO MeHee 4 3aaaHui

Ilpaxmuueckasa pavoma Ne2: Tpenascepvt no meme: Komniekcuoie uucia

I_ICJ'IL: ITo3HAaKOMHUTE C KOMILICKCHBIMHM YHCIAMH . OTpaGOTaTB HAaBbIKU CJIOKCHHS, BBIYMUTAHUA YMHOXCH

ns, ACJICHUA KOMIIICKCHBIXYUCE]I, 3a/ITaHHBIX B anre6pap1quK0171 (bopMe. A Taxoke HaXOXICHUEMOOYJIA KO
MIIJICKCHOI'O 4YHcCia.

Metoauueckue ykazanus. JJis peleHus MHOTHX 3aJa4 (PU3UKHU, SJIEKTPOTEXHUKHU U IPYTUX HAYK
OKa3aJIOCh HEJJOCTATOYHO MHOXKECTBA JENCTBUTENbHBIX uncel. [IpuBenem npumep. s
ypasrerns X2 + 1 = 0
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NeHCTBUTENBHBIX KOPHEN HE UMeeT. B CBSA3M ¢ ATUM BO3HMKIIA MOTPEOHOCTH HOBOT'O PACLIIUPEHUS

noHsATHA yncia. KoMIIeKCHBIMH YHcIaMy Ha3bIBatoTCs urcia Buna £ = @ + bi  rne au b-

JICHCTBUTEIILHBIC YMCIIA, @ YHUCIIO |, OTPEICISICTC PABEHCTBOM iZ = —1, Ha3bIBaEMOM MHUMOM

eauHuIeil. J[Ba KOMIUIEKCHBIX YUCia
Z; = Ay + byiyzy = aq + byi Ha3bIBAOTCA PABHBLIMHK €C/IM @, = a5, b; = by

3anuch KOMILIEKCHOTO uncia B Buae Z = @ + bi naswiBaercs anrebpanueckoit popmoii 3anucu
KOMIUIEKCHOTO yHciia. JIedCTBUTENbHOE YHCIO a HAa3bIBACTCA JCHCTBUTEIBLHOM YaCThI0 KOMIUIEKCHOTO
qucIa, a bi- ero MEUMO# YacThio ./IBa KOMITJIEKCHBIX YKCJIa HA3bIBAIOTCSA B3aMMHO COMPSKEHHBIMH (
0003HAYAIOT Z U Z ), €CIIM UX JICHCTBUTEIIbHBIC YaCTH PABHBI, @ MHUMbIC OTJINYAIOTCS 3HAKAMHU.

Hanpumep , £ = 5-7i,z= 5+ 7i. KoMrIiekcHple umnciia ({I + bi)H ( == f]i)
HAa3bIBAKOTCA HNPOTUBOIIOJJIOKHBIMU. MOI[yHeM KOMIIJICKCHOTI'O YHCJIa
=a
a; b

¢ )

CrnoxeHune IByX KOMIUIEKCHBIX YMCET BBIIOJTHSETCS 110 GopMyIie

[al + bll} + (32 + bzl ) =(Ell + azj + (bl +b2)l

. . > — 2
z = a + bi uassBator neitcrBurensuoe uncno r=vVa‘ + b?* | Kommiexcroe uncz
+ bi na KoOpAMHATHON TIOCKOCTH M300paXkaeTcs TOYKOH ¢ KOOPAHHATOMH

VMHOXEHHE KOMILIEKCHBIX YHCEIT, BBIMOIHSICTCS 110 MPABHIIY YMHOXCHHS JIBYUJICHA HA IBYWICH C
yuérom i% = —1.

I[JI?I TOr'0 YTOOKI PasaCIUTb OJHO KOMIIJICKCHOC YMCJIO Ha APYTOC HY>KHO YHUCIUTCIIb U 3SHAMCHATCIIb
YMHOKHUTDb Ha 9YUCJIO CONPSP)KECHHOC 3HAMCHATCIIFO U YIIPOCTUTD.

ITpumep.
(2+430)(1+20))=2-1+2-2i+3i-1+3i-2i=2+4i+3i—6=—-4+7i
(2+3i) (2+30)-(1-2i)) 2-4i+3i+6 8—i

(1+2i) (A+2i)-(1-2i) 1+ 4 ~ 5

1 BapuanT
1) Berauciure cymmy, pa3HOCTb, IPOU3BEICHHE M YaCTHOE YHcel Z1=21-3 u Z2=8+5I.
2) Beruucnure:
a) (7+2i)*;
b) (6+8i)-(6-8i)
3) Haiigure Moaysab KOMIUIEKCHOTO YHUCTA!
a) -2i;
b) 3+4i
2 BapuaHT
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1) Beruuciure cyMMy, pa3HOCTh, IPOU3BEACHUE M YaCTHOE uncen Z1=4+5i u 2,=2-3i

2) Beruucnure:
a) (3-4i);
b) (7+91)-(7-9i)

3) Haiimure Moy KOMILJIEKCHOTO YHCIIa:

a) 3i;
b) 12-5i

Kpurtepuu onenuBanus:

Onenka Oo0ocHoBaHNe OLIECHUBAHNSA
((OTJII/I‘IHO» BCG 3aaHUS BBIITOJIHCHBI HpaBI/IJIBHO
«Xoporo» [TpaBUIBLHO BBITIOJHEHHI JIFOOBIE 3 3aMaHUs

«Y IOBIIETBOPUTEIIBHOY

[IpaBUIBHO BBIMOIHEHHI JIFOOBIE 2 3aaHUs

((HeyI[OBJ'IeTBOpI/ITeJ'IBHO»

HpaBI/IJIBHO BBIITOJIHEHO MEHee 2 Ba):[aHI/Iﬁ

Ilpakmuueckasa paooma Ne3: Tpenasxncepvlt no meme: Kopnu u cmenenu

I_IGJ'IB: OTpa6OTaTI> HaBBIKM BBIYMCIICHUS CTEIICHEH, HCIIOJIb3YA UX CBONCTBA.

CBOIiCTBA CTEIICHEH:

[am )‘ﬂ. _ amn

qmMm . g = am+n

a™ - ¢c™ = (ac)™ a’ =1

[pumep Ne 1. UcKIOUMTH HPPAIMOHANBHOCT B 3HaMeHaTene 1—va

a(1+/a) _ a+a
(1-va)(1+Va)  1-a

Bapmuanr 1
Brruucnure:

1. 841
2. 3/343-10°
111
3. 23.26.22
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1 1
133 13
4, (8—372J (8+372J

1 1

1 _= =
5. (54-250)s -2 2 —128°.

Bapuant 2

Brruucnure:

1. 6,25

2. 4/1,296-10°°
1 5 2
3, 56.54.57
4. J7+2J6 7-26
1 1 1
5. 1252 .52 —21.63

Kpurepun onenuBanus:

Omnenka O0ocHOoBaHNe OLIECHUBAHNSA
«OTIU4HO» Bce 3aaHus BBINOIHEHB! IIPABUIIBHO
«Xopomo» [IpaBriIbHO BBINOJIHEHBI JIIO0OBIE 4 3a1aHUS

((YI[OBJ'ICTBOpI/ITeJ'ILHO»

HpaBI/IHLHO BBITIOJTHEHBI JTI00bIE 3 3agaHus

«HeynoBneTBOpUTEIBHO»

[IpaBUIEHO BHITIOJIHEHO MeHee 3 3aaHuit

Ilpakmuueckasa paooma Ned: Tpenasxrcepvlt no meme: Kopenv N\-cmenenu

Henb: OTpaboTaTh HABBIKM BBIYMCICHUS KOPHEH, HUCIIOJIb3Ys UX CBOMCTBA.

Metoauyeckue YKa3aHus.

[Ipu npeoOpazoBaHuy apupMeTHIECKUX KOPHEN UCTIOIB3YIOTCS UX CBOICTBA

)Vab=%aVh  2) %:

Va
Vb

14




ﬁ

3)(Va)" =Vt 4)"[¥a="4a

5)"Va®m = Va®  6)a

=|3

1 B oasm
T 7) an = 4Va

3 - 3/~53
[TpumepNel. N3Bneub KOpeHb U3 MPOU3BEICHUS Y a3h? = Va3Vb? = ab?

ITpumep Ne2. BeiHeCcTH MHOKUTEND U3 IO/ 3HAKA KOPHSA Y 45a% = v/9a*5a =

3a%v/5a.
VaZ = |a

ToxmecTBo

a,ecnia >0
,T.evazz[ ’ '

—a,ecaima<0

Ecmm a= 0 u n-marypansHoe uncio, 6onpire 1, To CymecTBYeT, ¥ TOIBKO OHO, HEOTPUILATEILHOE YHCIIO

X, TAKOE, 4TO BBIIOJNHAETCS ycIoBre X' = A, DTO UMCIIO X HA3BIBAETCA apU(DMETHIECKIM KOPHEM N-i

CTCIICHU U3 HCOTPHUIATCIBHOI'O YMUCjia a 1 0003HayaeTcs "4{ . Uncio a Ha3bIBaeTCA IMOAKOPCHHBIM

BBIPKCHUEM, N-TI0Ka3aTesb KopHs. Eciu n=2, To 00br4HO nuinyT V d(omyckas mokasaTesb KOpHs) U

HAa3bIBAKOT 3TO BBIPAXKCHUC KBAAPATHBIM KOPHCM.

BapuanTt 1

1. VYmpocrtute BhIpakeHue: 24/x +5v25x —34/36x — 4/9x .

2. Brruucnure: i/? +\/Z -?{/7—@.

3. Ympocture BeIpaXKeHHE: (

Bapuanr 2

1. Vmpocrute BeIpakeHue:

Ja-+b s Ja++b J\/%
avb+bva avb-bva)a+b

16x +3/8x —23/27x +/9x .

2. Brruucnure: ?{/12 +19 -%/12 ~\19 .

3. Ympoctute BeIpaXKeHHE:

Kpurepun ouennBanus:

a—\/6+a2—a\/5_a+\/5+4a\/6
a+Jb a-+Jb a-+b a’-b’

Ornenka O0ocHOBaHHe OLICHUBAHUSA
«OTInuHO» Bce 3aanus BBITOTHEHBI TIPABHIILHO
«XoporIo» [TpaBUIIbHO BBIMIOHEHHI TIO0BIE 2 3a/1aHUS

«YJIOBJ'IeTB OPHUTCIBHO»

[IpaBunpHO BIMIOMHEHO JII000€ 1 3amaHue

((Hey,Z[OBJ'ICTBopI/ITCJ'H:HO»

He BBIIIOIHEHO HU OJHOIO 3aJaHUE
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Ilpakmuueckas pavoma Ne5: Tpenaosicepovt no meme: Cmenenu

Iens: OTpaboTaTh HAaBBIKM BBIUMCICHUS CTEIICHEH, UCIIONIB3Ys X CBOMCTBA.

m n_ ,m+n m
d

-a —_ am—n

CBoiicTBa CTEEHEN: d d

:at =
(a™)" = am™ a™ - ¢™ = (ac)™ a’=1

BapuanTt 1

1 8)16) 81 1
1. 3anummre BBIpaXEHHE B BHJE CTETICHH OJJHOTO YHMCIIA WM BBIPAKEHUS: | | — @ — |I— [ — —.
9 27) 48) 256 2

2\ 2

Xy X2y
2. YupocTute BbIpaKEeHHE: 3 — .

3
1 1)
3. Beruucnure: 0,027 3 —(— Ej +256° —3* +55°,
Bapuanr 2

15 25) 32
1. 3anumwre BhIpa)k€HHE B BUJE CTETIEHU OHOIO YUCIIA WU BBIPAKECHUS: 32 : Ty : 6 16 |.

2

1.4
3 X
2. YIpocTuTe BeIpakeHue: 2x°y —yg :
2y

-0,5

3 ° i
3. Beruncire: (Zj ~75-4 4 —(-2)" +81°%,

Kpurepun onenuBanus:

Ounenka O0ocHoBaHMe OLICHUBAHUA

«OTIn4HO» Bce 3aanus BBINOIHEHBI IPABUIIBHO
«Xopomo» [IpaBHJIbHO BBINOJIHEHBI JIIOOBIE 2 3a/1aHUS
«Y 1OBJIETBOPUTETIBLHOY [IpaBunbHO BBIMOIHEHO JItOOBIE 1 3amanne
«HeynoBneTBOpUTENLHOY He BbInonHeHo HU OJJHO 3ajaHUE

Ilpakmuueckasn paooma Ne6: Tpenayxcepvt no meme: Jlozapughmot
[lenb: oTpaboTKa HABBIKOB PELICHUS YIIPAKHEHUH Ha pelIeHne Jorapu(MUUECKUX BBIPAKECHUN .

(DOPMa OpraHMU3alry CTYJACHTOB Ha 3aHATHH. UHAWBUAYaJlbHa.
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MeTOAHHYeCK e yKa3aHN.

| loga; = logax —loggy

1. logq(xy) = log, x +1log, y
I, loge x* = klog, x

v log kx = %Iogﬂ X

log. b
v log, b = ——

log.a

VI, a'%8ab = p

BapuanTt 1

1. Brerauciure

1) log;125;
2) log, 27,
3

3) O’5|og(,,512;
4)log 12 +log, 3
2. Haiizure x
log, x=4log,3-2log, 4
Bapnanr 2

1. Bemauciure

1) log , 64,
2

2) log, 49;
3) 8Ioggl3.
4) Ig5000 —1Ig5

2. Haiinure X

log, x =3log, 2+%Iog6 25

Bapuanr 3

1. Beruucnure



1) log, 81,
2) log, 243;

7

3) 0,01°%:%;

15
AN log —-1log.,15
) 9216 d,

2. Haiinure x

log, x =2log, 4 +log, 7

Bapuanr 4
1. Beruncnure

1
1) |Og4 a;

2) log, 216;
3)102'93;
4)log,, 72+ 1log,, 2

2. Haiigure x
Iog1 X = 2Iog1 6—Iog1 4
7 7 7
Kpurepun ouenuBanus:

Onenka O0ocHoOBaHHE OLICHNBAHUA

((OTJ'II/I‘-IHO» BCC 3aaHUS BBIITOJIHCHBI HpaBI/IJ'II)HO
«Xoporio» [TpaBUIIbHO BBINONHEHHI TIO0BIE 4 3a/1aHUS
((YI[OBJ'IGTBOPI/ITCJ'[BHO» HpaBI/IJ'II)HO BBITTOJTHCHBI J'IIO6BI€ 3 3alaHUuA
«HeynoBneTBOpUTENHHO [IpaBUIBbHO BBHIMOTHEHO MEeHEE 3 3a1aHui

Ilpakxmuueckas paboma Ne7: Tpenascepvt no meme: Ilokazamensusle u nozapugpmuueckue pynkyuu

[enb: oTpaboTKa HaBBIKOB MOCTPOEHUS I'paUKOB.
dopma opraHuzaluy CTYyJCHTOB Ha 3aHATHH. (PPOHTAIbHAS.

Meroanueckue ykazanus. [lycte pyHkius 3amana ananutudecku Gopmynon y=f(x).Ecimu na
KOOPJMHATHOM TJIOCKOCTH OTMETUTH BCE TOUYKH, O0JIaJa0INe CIEAYIOUIMM CBOMCTBOM: adciucca TOUKU
MIPUHAJICKUAT 00JIaCTH ompeneneHus (PyHKINHU, a OpIUHATA PaBHA COOTBETCTBYIOIIEMY 3HAYCHHUIO
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dbyHKIIMH, TO MHOKECTBO ToueK (X;f(X))ecTs rpaduk Gpynkiuu. Ha mpaktuke s mocTpoeHus rpaduka
(GYHKINU COCTABISAIOT TAONUIly 3HaYCHU (PYHKIUHU MPH HEKOTOPHIX 3HAYECHUSAX apryMeHTa, HAaHOCST
COOTBCTCTBYIOIIUEC TOYKH U COCAUHAIOT MOJIYYCHHBIC TOYKU JINHUEH. HpI/I 9TOM IIpeanojararoT, 4YTo
rpaduK GyHKINU SBISAETCS MJIABHOM JIMHUEH, a HaiiIeHHbIE TOUYKH JJOCTATOYHO TOYHO MOKA3bIBAIOT XO/1

M3MEHEHHS ()YHKIIHH.

Jlnist TOro, YTOOBI HAYaTh CTPOUTH IpaduKu PYHKIUI TaBaiiTe IOBTOPUM emié

KaK Ha KOOPJMHATHOMN IVIOCKOCTH HAaHOCST TOYKH. ITak, HaM HaJl0 HAHECTU TOUKY C
koopauHaTamu(1;2)3to 3Hauut x=1, y=2. [IpoBoasaT muHuu x=1 u y=2 1 Ha NepeCceYeHNH FTUX JTUHUN

OO6nacTh ornpeneneHus X- 1000e

ancno.Y = 2X + 15 npsavas. Tyers X = 0, torpa Y(0) =20+ 1=1.

unonyyas X [Ipumep . [loctpouts rpaduk pyHkumum

Iycts X = 2, Torna y(2)=2-2+1=5 Jnst mocTpoeHus NpsiMOi JIMHUU JJOCTATOYHO JIBYX TOYEK

0;1) u (2;5).

1 BapuanT

1. IocTpoiite cxemarnyecku rpaduk GyHKIHN:

1 X
g2 00
2. CpaBHUTE YHCIIA:

1) [%j I/I(%j : 2) 45% 1 454

3. ITocTpoliTe cxemaTU4YecKu rpapuk
byHKIUU:
1)y =logoax; 2) y =logs x

2 BapuaHT

1. IToctpoiite cxemarnyecku rpadpuk QyHKINU:

1) y =89%; 2)y=(§j

2. CpaBHUTE YHCIIA:

-5 -1
D125t w122y 2] w2
11 11

3.IToctpoiite cxemaTnuecku rpaduk GyHKIUN:
1)y =logosx; 2) y =logi x

Kpurepun ouennBanus:

3 BapuaHTt

1. IToctpoiite cxemaTndecku rpapuk HyHKIUH:

1) y =0,06%; 2) 56"

2. CpaBHUTE UHnCIa:

1)(%] I/I(%} :2)217° ul;

3.ITocTpoiite cxematnuecku rpaduk QyHKINU:

1)y =logssx; 2) y =logp, x

4 BapuaHT

1. [loctpoiite cxemarnuecku rpadpuk QyHKINU:

34\
1) y=|221:2)y=1000"
)y (78j )y

2. CpaBHHUTE YHCTA:

2,3 53
196 196°"; 2) (zj H[EJ
7 7

3.IToctpoiiTe cxemaTruecku rpaduk GyHKIIH:

1)y =logix; 2) y =logy; x
7

Onenka O0ocHOBaHHUe OLICHUBAHUSA
«OTInuHO» Bce 3aianus BBIMTOTHEHBI TIPABHIILHO
«XOoporo» [TpaBUIIbHO BBITIOHEHHI FOOBIE 4-5 3aMaHms

«YJIOBJ'IGTBOPI/ITeJ'IBHO»

[IpaBuUIBEHO BBITIOMHEHHI JIIOOBIE 3 3aMaHUs

((Hey,Z[OBHCTBOpI/ITCJ'IBHO»

HpaBI/IJ'IBHO BBIIIOJIHEHO MEHee 3 3aJaHui
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Ilpakmuueckas pavoma Ne8: Tpenascepvt no meme: Ilokazamenvhoie ypagnenus

[lenb: oTpaboTKa HABBIKOB PELICHUS YIIPAXKHEHUH Ha PEIICHUETIOKA3aTeIbHBIX YPABHCHHM.
dopma opraHuzaluy CTyJIEHTOB Ha 3aHATUN: WHAUBHUYaJIbHAS.

Meroauueckue ykazaHusl.

PaccmoTpuM HECKOJIBKO IPUMEPOB MOKA3aTENbHBIX YPaBHEHUI, TO €CTh YPaBHEHUH B KOTOPBIX
HEU3BECTHOE COAECPKUTCS B I10KA3aTEIE CTETIECHU.

Pemenne mmokasaTebHBIX ypaBHCHI/II;'I 4aCTO CBOAUTCA K pECIICHUIO YPAaBHCHUSA

a* = a‘, X=Crmea® 1,a> 0,

[pumep Nel. 4+ 2% =1 Mpumep Ne2 3% = 81
22, 9% — 20 3% — 34

224X — 90 x =4
2+x=0 OTeeT: X = 4.
X=-2

Otger: X = —2.

[pumep Ne3lIpumep Ne4,

3 —2.3%2 =25 9% —4-3" =45 =10
3*.3-2.3%.3"2=25 Mycrs 3" = ¥, TOr/iA

3%. (3 - E) =25

9
% . 2_5 = 25
9

3*=9 3*=9 3% = —5-mer kopneii
Otser: X = 2. Otser: X = 2.
1 BapuanT
1) 5%:+1=25;

4 x?—14x 4 45
2(5) |5

3) 7*1-7%=42
4) 3%-4-3"+3=0
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2 BapuaHT

1) 4°° =16

2)0,5% 710 —1

3) 2" + 2% + 2" =28
4)5> 6.5 +5=0

3 BapuaHT

1) 4-12%* = 48

2)3"% -3"" 13" =63

7 2x2—4x
3)| = =1
(5)

4)4* —5.2° +4=0

4 papuaHT

1)10*** =1000
2)5%*? +3.5% =140
3)0,74 =1

4)8™ -10-8" +16 =0

Kpurtepun onenuBanus:

Ouenka O0ocHoBaHMe OLICHUBAHUSA

«OTIUYHO» Bce 3aganus BBINOJIHEHBI IPABUIIBHO
«Xopomo» [IpaBHJIbHO BBINOJIHEHBI JIIO0OBIE 3 3a/1aHUA
«Y 1OBJIETBOPUTEIILHOY [TpaBUIIbHO BBINOJHEHHI TIOOBIE 2 3a/1aHUS
«HeynoBiaeTBOPUTETBLHOY» [IpaBUITEHO BBITIOJHEHO MEHEE 2 3aIaHHI

Ilpaxmuueckas paboma Ne9: Tpenascepvr no meme: Jlozapugpmuueckue ypagnenusn

[enb: oTpaboTKa HABBIKOB PELIEHUS YIIPa)KHEHUH Ha pelleHue JorapuMUuecKux ypaBHEHHH .
dopma opraHu3aly CTyJJeHTOB Ha 3aHATHH: (POHTAIIbHAS.
Meroanueckue ykazaHusl.

C noMoIIBI0 TOXKAECTBEHHBIX IPe00pa30BaHUil, B KOTOPBIX IPUMEHSIOTCS CBOICTBA JIorapu(pMuiecKoi
GyHKIHU:

“ix. log, = loga x — logq y
XX. log,(xy) =log,x +log, ¥
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XXI. log, x* = klog, x
log xx = iloga x

XXII.

log. b

lﬂ b —_ Bt~

XXIII. Ea log. a
XXIV. al%8al = p

Jlozapugmuueckoe ypasnenue c600umcs K 6uoy log,, f(x) =108, 9(X) samen nozapugm

omoépacvleaemcs u ypasHeHue npuHumaen euo fx)=g (x)
Ilpumep Nel.

logs X + logs(3x — 2) = logs 5 0.1 3.{3}{"_:;(; .
x>0
log, x(3x — 2) = logs 5 no ceoicrey I/ . E
3
2
x(3x—2)=5 x> 3
3x2-2x—5=0
_ 24,/(=2)?—4-3-(—5) _ 248 _5_2 -3
X12 = 2.3 == X1=3°3 Omeem : 3
X, = —1 He ypoBaeTBopser 0. /1. 3.
1 BapuanT

1. Pemmre ypaBHEHue:

1) log;(2x — 1) = 2;

2) logi(2x — 3) = —1;
4

3) logi(x — 5) +log:(x +2) = -3
2 2

. (log, x = log, 3 + log, y;
2. Pemure cuctemy ypaBHeHI/II/I.{x Zoy=5

2 Bapmuaut

1. Pemmre ypaBHEeHHE:

1) logs(3x —1) = 2;

2) log:(2 + 5x) = —=3;
2

lglx—1D)+1lglx+1)=0

. (logzx —logzy = 7;
2. Pemnre cucreMy ypaBHeHI/II/I.{lOg3 x +logsy = -5
3 BapuaHT

1) log,(7 — 4x) = 3;
2) logi(x +2) = —1;
3

3) logg(x — 2) +logg(x —4) =1

logz x +logzy =1

2. Pemre cucremy ypaBHeHI/m:{x ty=4

4 BapuaHTt
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1. Pemute ypaBHEeHME:

1) log, (4 — 5x) = 3;

2) logi(x —3) = =2;
3

lgx+1) +1g(x+3) =1g3

2. Pemute cucremy ypaBHeHHﬁ:{

Kpurepun oueHuBaHus:

logsx +logsy =1
x+y=6

Onenka O0ocHOBaHNE OLICHUBAHUSA
«OTINYHO) Bce 3a1anust BINOJIHEHBI TPABUIILHO
«Xoporro» [IpaBUIIbHO BBITIOJHEHBI JIFOOBIC 3 3a1aHUs

«Y IOBIETBOPUTEIILHO»

[IpaBUsEHO BBITIOJIHEHHI JIFOOBIE 2 3aaHUs

«Hey,Z[OBJ'ICTBOpI/ITeHBHO»

HpaBI/IJ'ILHO BBIITOJIHEHO MEHee 2 SaHaHI/Iﬁ
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Ilpakmuueckan paooma Nel0: Tpenascepvt no meme: Bzaummnoe pacnonoxcenue npamvix u
niaockocmeu

AKcuomul, eviparcaiouiue 0CHOBHbIE CEOUCMEA NIIOCKOCHEIll 6 NPOCMPAHCMEe.
Axkcuoma 1. Yepes s1t00ble TpU TOUKH, HE JIEKAIIME HA OJJHOM MPSAMOIL, TPOXOIUT INIOCKOCTb, U
IIPUTOM TOJIBKO OJIHA.
Axcuoma 2. Eciiu iB€ TOUKYM NPAMOM NPUHAAJIEKAT IIJIOCKOCTH, TO U BCSI IIPsIMast JIEKUT B 3TOU
IIJIOCKOCTH.
Axkcuoma 3. Eciiu iBE MII0OCKOCTH UMEIOT OOIIYIO TOUKY, TO OHU IIEPECEKAIOTCSI 110 IIPSIMOH,
MPOXOJAIICH Yepe3 3Ty TOUKY (T.€. INIOCKOCTH UMEIOT OOLIYIO MPSAMYI0, Ha KOTOPOH Jiexkat Bce
00IIIMEe TOYKHU ITUX TIJIOCKOCTEH).
CrnencTBreM 3TUX aKCHOM SIBIISIFOTCS CIIEAYIOLIUE TEOPEMBI (I0Ka3aTENbCTBA TUX TEOPEM U
BCEX MOCJICIYIOUIUX OIYCKAEM):
Teopema 1. Yepes npsamMyto U HE TPUHAIIEKAITYIO € TOYKY MOKHO IIPOBECTH IIOCKOCTh, U
IIPUTOM TOJIBKO OJHY.
Teopema 2. Yepes aBe nepeceKaroimecs npsmMble MOKHO IPOBECTHU IIJIOCKOCTb, U IPUTOM
TOJIBKO OJIHY.
Teopema 3. Yepes aBe napajijienbHble MPSIMbIE MOKHO TPOBECTH €MHCTBEHHYIO TIOCKOCTb.

II. Bzaumnoe pacnonorcenue npamvix.
Bo03MOKHBI TpU ciiydas: 1Be NpsMble NapaJlIeIbHBbI, IEPECEKAITCS WIH CKPEIIUBAIOTCS.

Onpenenenue. JlBe npsimMble
Ha3bIBAIOTCS HEPECeKAIUWUMUCA, €CITH OHU

Onpenenenue. JlBe npsimMble
Ha3bIBAIOTCS RAPALIEIbHBIMU, €CITA OHU

JIe)KaT B OJIHOW TJIOCKOCTH U HE MEPECEKAOTCSI.
Oo6o3Hauenue: a || b

0 a
UMCIOT OJIHY OOIIIYIO TOYKY. /\ b
Oo0Oo3zHauenne: a Nb=M M
b

Onpenenenue. J[Be npsimple, He Jiexkaliue B I a
M

OJTHOM TIOCKOCTH, b
HAa3bIBAIOTCS CKPEUiUEAIOUUMUCH.
O6o3Hauenne: a ~ b /E a
Teopema 4 (npusnak ckpewjusarowuxcs bca
npambix): Eciiv oHa U3 1BYX IpaMbIX nexur | aNa=M|=a=b
B IUIOCKOCTH, a JIpyrasi IepeceKaeT 3Ty M€&D
IJIOCKOCTh B TOUKE, HE JIEKAIEH Ha IIEPBOMI
OPSMOiA, TO 3TU NPSAMBIE CKPELIBAIOTCS.

_E C1

— B

[Tpumep: - D1
JBe mpsiMble, cosiepKaniue A1
peopa AAL u CD xyba ABCDA1B1C1D; ssBastitorest | B
CKPEIMBAIOIIUMHUCS. C

e

- 4

III. Bzaumnoe pacnonoscenue npamoii u njioCKOCHu.
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Bo3MOHBI TpH Cilydast: IpsiMast JIEKUT B INIOCKOCTH; IIpsiMasi IIepeceKaeT IIIOCKOCTh; IIpsiMas U

IIJIOCKOCTD IapaJlJICJIbHBI.

Omnpenenenue. [IpsiMasi, Bce TOUYKU KOTOPOi
MIPUHAICKAT TIJIOCKOCTH, Ha3bIBACTCS
MIPSIMOW, J1excauieii 8 nJ10CKOCHU.
O0o3HaueHue: a C o

Omnpenenenue. [IpsiMast 1 MI0CKOCTH
Ha3bIBAIOTCS HEPECeKAOUUMUCA, SCITH Y HUX
€CTh OJ[Ha 001IIast TOYKa.

O6o3nauenue: a N =M

OH[}GQCHCHI/IC. HpSIMaSI 1 INIOCKOCTh HA3bIBAKOTCA napauie/ibHbiMu, CCJIIM1 OHU HC UMCIOT oonuMx

TOYEK.
O6o3Hauenue: a || fa N =0

Teopema 5 (npusnak napannenvnocmu
npamoit u nniockocmu): Eciia ipsiMas,
HE JIe)anas B IIOCKOCTH,
napasuiesibHa KakohH-HUOY b TPSIMOH,
JIeXKaIllel B INIOCKOCTH, TO OHA

napasuiesibHa JAaHHOU IJIOCKOCTH.
ad a

bcual= alla
al|b

s

IV. Bzaumnoe pacnonosicenue niockocmeil.
Bo3MoxHBI Ba Ci1ydasi: 1BE INIOCKOCTH NIEPECEKAIOTCS WIH MTapaJlICIbHBI.
Omnpenenenue. J[Be MI0CKOCTH HA3bIBAIOTCS RAPALIEAbHbIMU, €CIIA OHU HE UMEIOT OOIINX

TOYCK

Teopema 6 (npusnak napannenvnocmu
naockocmeit): Eciu Be nepecekaronmecs
IpsIMBIE, JIEXKAIUE B OJTHOM INIOCKOCTH,
COOTBETCTBEHHO MapaJlieNIbHbI IBYM
IPSIMBIM, JIEXKAIIUM B APYTO# INIOCKOCTH, TO

OTH IVIOCKOCTH MapaJUIECIIbHEL.
aCa

a, Ca
a;Na; =M
by cp
b, cp
aq||by
az|| b,

= allp

Omnpenenenue. J[Be mI0CKOCTH
Ha3bIBAIOTCS HEpPeceKarouyuUMucs, €Ciu OHU

UMEIOT O01IYI0 IpsiMyto. B aToM ciyuyae oHu
HE UMEIOT JIPYTUX OOIIUX TOYEK BHE ITON
IPSIMOIA.

aNpf=a

N 1) Zan

a
a

1 BapuanT
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D+ C

A

A B

MN||AB, NL||BC

Ilo pucynky:

1) Ha30BHTE IIOCKOCTH, B KOTOpHIX JexkaT npsimbie MN, KL, AD.

2) Ha30BUTE MpsMbIC, MO KOTOpbIM nepecekarotces miockoctd (ABC) u (BCCy), (AA1D) n
(MNL).

3) Jlokaxwre, uto miockoctr (MNL) | | (ABC).

4) U3 ToukH A K IJIOCKOCTH « TpoBeAeHsl neprenaukysap AH u vakimonHas AM, AH =5 cm,
AM = 13 cMm. Haiinute MH.

2 BapuaHT

MP||AD, PN||BC

ITo pucynky:

1) HazoBute miockocTH, B KOTOPbIX Jiexat npsimeie MP, AAD, MN.

2) HazoBute mpsimbie 1Mo koTopbiM mepecekatorcst miockoctu (MNP) u (ABC), (ADC) u
(ABC).

3) Jokaxure, uto miockoctu (MNP) | | (ADC).

4) U3 Touyku A K IUIOCKOCTH « TpoBedeHbl neprneHaukymsip AH u Haknonnas AM, MH = 5
cMm, AM = 13 cm. Halinute AH.

B
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Ilpakmuueckan paooma Nell: Tpenaxcepvr no meme: Ilapannenvnocmos npamelx u
niaockocmeu

HpHMaﬂ M IJIOCKOCTD SABJIIFOTCS IapalICJIbHBIMU, €CJIIM OHU HE UMCIOT O6H_[I/IX TOYCK.

a

94

JleiicTBUTENBHO, TPsIMAst U IIJIOCKOCTh MOTYT UMETh BCETO 3 B3aMMHBIX PACIIOJIOKEHUS:

a. [Ipsimas Ha nIockocTH

6. [Ipsmas nmepecekaer IIOCKOCTh B OHOM TOUKE

B. [IpsiMas He nepecekaeT MI0CKOCTb.

OTO BO3MOKHO, TOJIBKO €CJIM OHU HE IepeceKkaroTcst BooOIe - nmapauienabHsl. [locmoTpuTe s
nprMepa Ha JMHUIO MoJoJKa 1 roil. O6o3HavYeHue: a || o.

Otcroa MOXKHO BBIBECTH IOJIE3HYIO TEOPEMY:

[Tpsimast HEe JIEXKUT HA MJIOCKOCTH, HO IMapajljiesibHa OJHON NPSIMOM B ATOU IJIOCKOCTH. 3HAYMT,
npsiMasi MapajijiesibHa BCEH MIIOCKOCTH.

U napa yTBepkKI€HUN U3 TEOPEMBI, KOTOPBHIE MOTYT IIPUTOJUTHCS B 3a/1a4ax:

1. Ilpsmas mapamnenbHa OJHOW IUIOCKOCTH. Eciau mpoBeneM HOBYIO IUIOCKOCTh 4epe3 3Ty
IOPSIMYIO M IJIOCKOCTh, TO OKaXETCsl, YTO JIMHUS MEepeceueHus IByX IUIOCKOCTEeH mapasuieiabHa
IPSIMOA.

2. Ecth aBe mapamienbHbIX OpsiMbiX. Eciyu ogHa M3 HUX MapajuieidbHa MJIOCKOCTH, TO Jpyras
npsiMasi THOO TOKe MapaielabHa MIOCKOCTH, JIN0O JTeKUT Ha HEH.

Bapuanm 1
1. K miockoctu mpoBeieHbl BE pPaBHbIE HAKIOHHbBIE. PaBHBI JIM UX TPOEKIUN?
2. Kakoe u3 cleqyomux yTBEepKIeHUH BEpHO?
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a) /IBe mpsiMble IepIeHANKYIISIPHBIE TPEThEH MEePIICHIUKYIIPHBI MEKTY COOOi;
0) mpsiMasi Ha3bIBACTCS MEPICHIUKYISIPHOW TJIOCKOCTH, €CIIU OHA TIEPIICHINKYIISIPHA XOTSI OBI
OJHOM MPSIMOM, JIEKAIIEN B 3TOU IJIOCKOCTH;
B) JIBE MpsIMbIE, MEPIEHANKYISPHBIE K IUIOCKOCTH, MEPIEHINKYISPHBI MEXKIY COOO0i;
) OpsMas Ha3bIBACTCS MEPHEHAUKYIISIPHON IUIOCKOCTH, €CIU OHA MEepHeHANKYISpHA K JH000H
IIPSIMOM, JIEXkKALIEH B 3TOU IIJIOCKOCTH.
3. TIlpsmast M nepneHAUKYIsIpHA K  HOPsSMbIM A U D, iexamum B TUIOCKOCTH @, HO M HE
HEePIEeHANKYIIPHA K IUIOCKOCTH ¢.. BhIACHHTE B3aMMHOE PACIONIOKECHUE MPSIMBIX a 1 D.
a) mapaJuIeNIbHBI; 0) MEPECEKAIOTCs; B) CKPEIIMBAIOTCS; T) ONPEIACITUTH HEIJIb3I.
4. [Ipsimast a nepneHIUKyIIpHA K npssMbiM ¢ 1 b, exanm B
IUTOCKOCTH ¢, TIpsIMasi @ TIEPIICHIUKYIISIPHA K TUIOCKOCTH ¢. BBISICHUTE B3aMMHOE PacoOIOKEHHE
npsMbIx ¢ 1 b.
a) TOJIbKO MapaJuleNbHBI, 0) TOJBKO MEPEeceKaroTCs; B) MapajUlelbHbl UM MEPECeKaloTCs; T)
OTIPEICIIUTh HEJb3S.
5. B tpeyronbauke ABC , AH — BbicoTa TpeyroiabHuka. Bae minockoctu ABC BbiOpaHa Touka
A, npuuem JIB L BC, JIB L AB . Ilnockoctu JIBC nepnieHaukymnsipHa npsimast

a) AJl; 0) AB; B) AH; r) AC.
6. Ilpsimast @, mapaienbHas TpsAMoOi b, mepecekaeT MMIOCKOCTh o. Ilpsimas ¢ mapasienbHa
npsimoit b, Torna:
a) PSIMBIE @ U ¢ TIEPECEKAIOTCS; 0) TpsiMast ¢ JEKUT B TUIOCKOCTH ;
B) MPSIMBIE @ MC CKPEIIUBAIOTCS; T) IpsIMbIE @ U ¢ TTapajlieIbHbL.
7. KakuM MOKeT ObITh B3aMMHOE PACIOJIOKEHHE MPSMBIX a U D, eciin yepe3 mpsMyro @ MOXKHO
IPOBECTH TUIOCKOCTD, MAPALICIBHYIO MPSIMOii b?
a) CKpELINBAIOTCS WIN MEPECEKAI0TCS;
0) CKpEIMBarOTCs WU TapaieIbHbL;
B) TOJIBKO CKPEUIUBAIOTCS;
T') TOJIbKO MapaiieNbHBbI.

8. HpHMLIe a 1 e JICkKaT B MapaJlJICJIbHBIX IIJIIOCKOCTAX, CJICAOBATCIIBHO 3THU IIPAMBIC

a) CKPEeIIMBAIOTCS WU TEPECEKAIOTCS; 0) CKpeUIBAIOTCS WU MapaUIeNbHBI,

B) TOJIBKO CKPEIINBAIOTCS; T') TOJIbKO NapaijIebHBL.

9. KakuM MOkeT ObITh B3aMMHOE PACMOJIOXKEHHE JIBYX MPSIMBIX, €CIM 00€ OHM MapaijiesIbHbI
OJTHOH TIOCKOCTH?

a) TOJIBKO MapajlieabHbI; 0) Bce Cily4aud B3aUMHOTO PACIIOIOXKEHHUS;

B) TOJIBKO CKPEILIUBAIOTCS; I') TOJIBKO MEPECEKAOTCA.
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10. IIpsmas a napamienbHa I0CKOCTH a. Kakoe u3 ciaeayromux yrBepKIACHU BEpHO?
a) [Ipsamas a napanensHa 10001 IPSMOI, JIexkKaIe B INIOCKOCTH (;

0) mpsiMasi g He MePECeKaeT HHU OJHY MPSIMYIO, JIKAIIYIO B TUIOCKOCTH ]

B) IIpsSIMast @ CKPELIUBACTCS CO BCEMU MPSIMBIMU TIOCKOCTH O}

I) IpsiMasi @ UMEET OOIIYI0 TOYKY C MIIOCKOCTBIO.

Bapuanm 2

1. Kakoe 13 clieIyronux yTBepKIeHUH HEBEPHO?
a) Ecnu npsimast neprneHuKyssipHa K IBYM IIPSIMbBIM, JIEKAIIKUM B INIOCKOCTH, TO OHA
MEPICHINKYJISIPHA K 3TOM IIOCKOCTH;
0) ecnu mpsiMasi NEPHEHANKYIISIPHA K TNIOCKOCTH, TO OHA €€ MePeCeKacT;
B) €CJIU JIBE IUIOCKOCTH MEPIEHIUKYISPHBI K IPSIMOI, TO OHU HapaljIesIbHBL;
I') €ciH JIBe NpsMble MEPIEHIUKYIAPHBI K IJIOCKOCTU ,TO OHU MapasuIeIbHBbI.
2. JIBe HAKJIOHHBIE, IPOBEJACHHbIE K IUIOCKOCTH, UMEIOT paBHbIE MPOEKIUU. X HaKJIOHHbIE
paBHBbI?
a) HeT
0) na
3. Ecnm oiHa U3 IBYX CKPELIMBAIONIUXCS MPSIMBIX MEPIICHINKYIISIPHA K TNIOCKOCTH, TO OyIeT T
MEPIEeHIUKYJIApHA K 3TON TUIOCKOCTH BTOpas mpsimasi?
a) la; 6) aa, HO P OTIPEJICJIEHHBIX YCIOBUSX; B) ONPEAEIUTD HENb3s; T') HeT.
4. Touka E He npuHamnexuT miockoctu npsmoyronsanka ABCD. BE.L AB, BELBC. Torma
npsamasi CD u mnockocts BCE:

a) mapaJuIeNIbHbI; 0) MEePIeHIUKYIISPHBI, B) ONMPEACITUTh X B3aMMHOE PACIIOJIOKEHUE HENNb3S |
T') IpsiMast JIEXUT B IJIOCKOCTH.
5. ABCJ/I — kBanpat. Bue ero miockoctu BeiOpana Touka K, mpuuem KA L AB. Ilnockoctu
AK]JI neprniengukyinsipHa npsmMas

a) IC; ©6)KC; B) BK; 1) BC.
6. [Ipsimas ¢, mapasiensHas IpsIMOU a, epecekaeT miIockocTh f. [Ipsmast b mapamnensHa
psIMOM a, TOTJa:

a) mpsMbIe b 1 ¢ mepecekaroTcs; 0) npsimas b 1eXUT B TUIOCKOCTH f3;

B) mpsiMble b 1 ¢ ckpemuBaroTcs; T) IpsIMBIE D U ¢ mapauIenbHBI.
7. KakuM MOkeT OBITh B3aUMHOE PacojIokeHue NpsMbIX a U b, ecnn mobast mockocTs,
pOXOJIsiias Yepe3 a, He napauienbHa b?

a) CKpEIIMBaIOTCS, 0) mapajIeTbHBI; B) MIEPECEKAIOTCS; T) OMNpPEAEIUTh HEb3s.
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8. HpHMBIC a 1 g6 JICKaT B MapalJICJIBHBIX INIOCKOCTAX, CIICAOBATCIBHO 3THU IIPAMBIC

a) CKPEeIUBAIOTCS WU TIEPECEKAIOTCS; 0) CKpEIIMUBAIOTCS WITU TIapaJlICIbHBL;
B) TOJIBKO CKPELIMBAIOTCS; T') TOJIKO MapaJiieNbHBL.

9. Ilpsimas a napasuiesbHa I0CKOCTU ¢ Kakoe U3 ciaeayronux yTBepKIAECHU BEpHO?

a) [Ipsamas @ napanensHa 10001 IPSMOIA, JIexkKaIeH B TNIOCKOCTH (;

0) npsiMast g He IEPeCceKaeT HU OJHY MPSMYIO, JIEKAIIYIO B IUIOCKOCTH ¢

B) IIpsSIMast @ CKPELIUBACTCS CO BCEMU MPSIMBIMH IIIOCKOCTH 0}

T) IpsiMasi @ UMEET OOIILYI0 TOUKY C IJIOCKOCTHIO

10. Kakum MoeT ObITh B3aIMHOE PACIIOJIOKCHHUE MPSIMBIX @ U D, ecli ipsiMast @~ JIGKHT B
IUIOCKOCTH a1, @ IpsiMasi b mapauiesbHa 3ToH MI0CKOCTH?

a) [TapannenbHbI UK TIEpeceKaloTCs;

0) CKpeIMBarOTCs UK TIEPECeKatoTCs;

B) MapajuielbHbl WIH CKPEIIUBAIOTCS;

T') OIPEIEIIUTh HENb3S.

Kpurepun ouenuBanusi padborbli:

1. Ormerka "5" BpICTaBISETCS, €CIU MPABUIBLHO BBINOIHEHO 8-9 3amanHuit
2. Otmetka "4" BBICTABIISCTCS, €CITU TPABUIHLHO BBITIOIHEHO 6-7 3aaHui
3. Otmetka "3" BbICTaBIsIETCS, €CITU MPABUIBLHO BBITIOTHEHO 5 3a/laHui

4. Otmetka "2" BBICTaBISACTCS, €CITM TIPABUIBLHO BBIIIOJIHEHO MEHEe 5 3a1aHui

Kiaroun k NpaBUJIbBHBIM OTBETAM:

Ne i/
1 2 3 4 5 6 7 8 9 10
BapHaHT
1 a r a 0 0 T B B 0 0
2 a 6 r 6 a r a B 0 B

Ilpakmuueckan paooma Nel2: Tpenastcepovt no meme: Y2t mexncoy npamvimu u

naockocmamu
Yriaom Mexay npsaMoii ¥ MJI0CKOCTBI0 HA3bIBACTCS YTOJI MEXIY MPSIMOM U €€ MPOEKIIUEN Ha

MJIOCKOCTh (YTroi ? Ha puc. 1).
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/Ao 8/

/ a/

Puc. 1

Yriaom MeXKITY CKPeIMBAIOIUMHUCH NPAMBIMH Ha3bIBACTCA yroma MEXIY
MEePECEKAOIIMMHUCS TIPSMBIMU, TTAPALIEITHHBIMA COOTBETCTBEHHO JJAHHBIM CKPEITUBAIOIIMMCS
MPSIMBIM.

JIByrpaHHbIM YIJI0M Ha3biBaeTcs Gpurypa, oopaszoBaHHas AByMs MOJIYIUIOCKOCTSIMU ¢ 001Ien
npsiMoit. [1onymiiockocTr Ha3bIBAIOTCS 2panAmMu, IpsMasi — pedpom IBYTPaHHOTO yTJia.

Jluneitnvlm y2nom ABYIpaHHOTO YIjla Ha3bIBAETCS YrOJl MEXAY
MOJIYTIPSMBIMH, IPUHAAISKALUMEI TPaHIM JIBYTPaHHOTO YIJIa, UCXOSIIUMHU U3 OJHON TOYKU

Ha pe0pe U NepreHIuKyIIpHbIMUA peOpy (Yyromn “ Ha puc. 2).

Puc. 2
I'pagycHas (paauaHHas) Mepa JIBYTPaHHOTO yrja paBHa IpaJlycHON (paJMaHHOI) Mepe ero
JINHENHOTO yTJIa.

1 BapuanT

1. 44, L (ABC ) Haiimure yron mesxay npsmoit CB; u mmockocteio A4, C;

Ay B, 4, B, Ay B,
A B A B A B
C C C
R s A ABC — npaMOYTOIEHBIIL A ABC — Tynoyro/IbHEIil,
A A5LT pABROsTOMe £C=90° £C > 90

2. Yepes Bepinny B pomba ABCDnpoBenena npsiMasi BM, neprneHIuKyaspHas K ero
miockocty. Haiinure pacctossHue OT TOUYKH M 10 MPSMBIX, COAEPKALUX CTOPOHBI

pomba, ecin AB=25 cM, £BAD =60°, BM=12,5 cwm.
2 BapuaHT

1. BD 1 (ABC ) Haiinure yron mexxay CDwu mockoctsio ABD.
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C C : C
A ABC ~ npaMoyroabHbil, A ABC ~ npaMOYTOILHLII,

\ ABC — paBHOCTOPOHHITT
| vava A =90 2 )

2. UYepes BepuuHy npsaMoro yria C paBHOOESIPEHHOTO MPSIMOYTOJIbHOTO TPEYroJbHUKA
ABC nposezaena npsamas CM, neprieHAUKYJIsIpHas K €ro miockoct. Haiaure

paccrosHue oT Touku M 1o npsimond AB, ecniu AC=4 cm, a CM= 2\/7 CM.

Kpurepun onenuBanus:

Onenka Oo6ocHoBaHHE OLICHNBAHHSA

«OTA4HO» Bce 3a1aHus BBINOIHEHBI IIPABUIIBHO
«Xopomo» [IpaBrJIbHO BBINOJIHEHBI JIIOOBIE 3 3a/1aHUS
«Y IOBJIETBOPUTEIILHO) [TpaBUIbHO BBINIOJIHEHBI JHOObIE 2 3a1aHUs
«HeynoBiaeTBOpUTEIBHO» [IpaBriIbHO BBINOIHEHO MEHEE 2 3a/1aHU

Ilpakmuueckaa paooma Nel3: Tpenasxcepovt no meme: Komounamopnusvie KOoncmpykyuu

HpOCTCI‘/’II_HI/IMI/I KOM6I/IHaLII/ISIMI/I, KOTOPLBIC MOKHO COCTABUTH U3 3JICMCHTOB KOHCYHOT'O

MHOXXCECTBA, SABJIAIOTCA NEPECCTAHOBKH, Pa3MCIICHUA U COYCTAHUSA. HpI/I 9TOM H€O6XOI[I/IMO
YUYUTBIBATD, €CTh JIU CPEAU PACCMATPUBACMBIX 3JICMCHTOB ITOBTOPAOIIUCCA.

OH[}GEGJ’IGHI/IG. Hepecmanoekoﬁ U3 n 3j1emenmoeé Ha3blBaCTCA KAXKI0C PACIIOJIOKCHNUEC STUX
9JICMCHTOB B OHpeIIGJ'IéHHOM MopsJaKe.

Ecnu cpenn 311eMeHTOB HET OJJMHAKOBBIX, TO YUCA0 REPECmAn060K U3 N HIIEMEHTOB
0003Ha4YalOT CUMBOJIOM Pn («13 U3 5H») U BBIYUCIIAIOT 110 GOpMYyJIE:

Ph=1-2-3-...-(n-2)-(n-1)-n.

Jl11s ipor3BeIeHUs IEPBBIX N HATYpabHBIX YHCEN €CTh CleluanbHoe o0o3HaueHue N! («ou
(daxTopuany). [Ipu stom 0! mpuHUMaeTcs 3a enuHUILY, TO ecTh 0! = 1.

Ipumep 1. 5! = 1x2x3x4x5 = 120.
[Tpumep 2. CKOTBKUMH CITIOCOOAMH MOKHO PAcCTaBUTh 6 OETYHOB U 6 OEroBBIX JOPOKKax?
Yucno crnoco0oB, 04EBHUIHO, PABHO YUCITY MIEPECTAHOBOK U3 6 3JIEMEHTOB:

Pe=1-2-3-4-5-6=720.
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Eciu Cpe€au N 3JIEMEHTOB €CTh IIOBTOPSIOIIUECS, TO YHUCIIO IEPECTAaHOBOK U3 N 3JICMCHTOB

0003Ha4arT cUMBOJIOM P (N1, Ny, ..., 1s) (nepecmanosxu ¢ nosmopenusamu) i BEIMUCIISIOT
o gopmyre:
n!
P,(n;ng;...;ng) = I : :
Ny "Mz ... N
3n1ech N1, Ny, ..., Ns — KOJIMYECTBO OJIMHAKOBBIX AJIEMEHTOB I10 TPYIIIIAM.

Omnpeneneuue. Pazmemenuem uz n snemenmos no k (k £ n) HaspiBaeTcs J11000E MHOXKECTBO,
cocrosiiee U3 JI0ObIX K 21eMEHTOB, B3STHIX B ONPEICIEHHOM MOPSIKE U3
JTAHHBIX N JIEMEHTOB.

Ecmu OJHWH H TOT KE€ 3JICMCHT HCJIb34 6paTb Oonee OJIHOI'O pa3sa, TO uucio
K

pazmewenuii 13 N 3JIEMEHTOB 10 K 0003HauaroT ~ '* («a U3 3H M0 Ka») U BBIYUCIISIOT 0
dbopmyre:

k
ng'-'I:n-(n-l)-(n-Z)-...-(n—k+1).
Al
3amerum,uto *=n-(n-1)-(n-2)-...-(n-(n-1)=n-(n-1)-...-2-1=Pn.

[Ipumep. Yuamuecs: BTOporo kiacca u3ydaroT 8 npeameToB. CKOIBKHUMH CIIOCO0aMU MOKHO
COCTaBHUTb PACITUCAHUE HA OJIUH JICHb, YTOOBI B HEM ObLIO 4 pa3IMYHBIX IpeaMeTa?

JIroboe pacrivcanue Ha OJMH J€Hb, COCTaBIEHHOE U3 4 PAa3IMYHBIX MPEAMETOB, OTIUYAETCS
OT JPYTOTO JINOO CaMbIMH MPEAMETAMH, JIMOO IMOPSIKOM UX CICIOBAHUS, TO €CTh BAYKEH U

MOPSAZIOK, U CAMU 3JIEMEHTHI, - 3TO Pa3MELICHHUS: =8-7-6-5=1680.
Ecnu o= U TOT e 37eMEHT MOXKHO MCIIOJIb30BaTh O0jiee 0JJHOrO pasa, TO YUCIIO
L
pasMmenienuii u3 N 51eMeHToB 110 K 0603HauatoT ~ * (pasmewenue ¢ noemopenuamu) u
ak — ok
T =

BBIYHUCIISIIOT TIO (hOpMYyIIe:
cpeau N3JIEeMEHTOB.

. BHCCB S — KOJIMYECTBO PA3JIMYHBIX 3JICMCHTOB

Onpenenenue. Couemanuem u3 n 31emMeHmos no k Ha3pIBaeTcs J1H000€ MHOXKECTBO,
COCTABJICHHOC U3 k 3JIEMCHTOB, BI)I6paHHI>IX 13 TaHHBIX N DJIEMEHTOB. 3)1601) HC BAXXCH
MOPSAZIOK CIIEJIOBAHUS SJIEMEHTOB, B OTJIMYUE OT pa3MeIlleHUH U MePECTaHOBOK.

Ecnu cpean maHHBIX N 37IEMEHTOB HET OIMHAKOBBIX, TO YUCA0 COYemanuii 13 N SIEMEHTOB
k
1o K 0003Ha4atoT ™ («d U3 3H M0 Ka») U BBIYKUCIAIOT 10 hopMyie:

n!
k' -(n—k)!

Cy =

3aMeTHM, UTO C643b MEHCOY COUEMAHUAMU, PA3MEU|EHUAMU U
nepecmanogkamu BeIpaxkaercs GopmMysoi

Ak
P, Aj = Cf - Py

201041

C=

[pumep. 13 12 uneHoB rpynmnsl Hafo BbIOpaTh TPEX ISl MOE3AKH B MarasuH. CKOJIbKUMHU
croco0amMu 3TO MOXKHO CJIeNIaTh?



O‘-IGBI/II[HO, YTO 3C€Ch BaXXHBI TOJIBKO CaMU 3JICMCHTHI (KOHKpCTHI:Ie JIIOI[I/I), CJIICAOBATCIIBHO,

12! 12! 12 -11 - 10
6132 — 3 (12-3)! ~ 39 1 =220
3TO COYETAHUS: . TRk s 2-3 )
k
Ecnu cpesu N 37IeMEHTOB €CTh MOBTOPSIOIIMECS, TO YHCIIO COUYCTaHHIA 0003HAYAIOT &

~k _ ok

Cs = Cgi-1 3 _
(couemanusn c nosmopenuamu) U BHIMUCISIOT 110 HOpMYIIE: 3nech S
KOJIMYCCTBO PA3JIMYHBIX 3JIEMCHTOB CpEaun N 3JIEMEHTOB.

1 BapuanT

1. Beruucnure:

P,, A
a) - A5 6) -2,
PB AZO C20

6) Cs - P, 2) C3C; +C.C;.

2. CKOJBKUMH cIIOCOOaMU MOXKHO COCTABUTh pacluCaHhe OJHOTO yueOHOro JHs U3 6
Pa3IUYHbIX YPOKOB?

3. CKoIbKHUMH criocob6aMu u3 7 4ICHOB MPE3UANyMa COOpPaHUs MOKHO BBIOPAThH
npejcenaTens, ero 3aMeCTUTENs U cekpeTaps?

4. CxompkuMmu crioco6amu u3 10 UTpoKOB BOJICHOOIBEHOM KOMaH Il MOYKHO BBIOPATh
CTapTOBYIO LIECTEPKY?

5. Peumre ypaBuenue: 42, = 20.

2 BapuaHT

1. Bremauciure:

P 4
Q)5 48 6)P_11;1)_A_1f;
P9 Al4 Cl4

6) C/,-P,; 2)CoCe—CiCl.

2. CKOJIBKO pa3IMYHBIX MATH3HAYHBIX YUCEIT MOKHO COCTaBUTh U3 mudp 1, 2, 3,4, 5
(udpbl B OTHOM YHCIIE HE JOJKHBI TOBTOPSITHCS)?

3. CkoapkuMu criocobaMu u3 9 ydeOHBIX TPEIMETOB MOJAHO COCTABUThH PACIIMCAHUE
y4eOHOTO0 JTHS U3 6 pa3IMUHBIX YPOKOB?

4. CKOJIBKUMH CcII0COOaMU M3 25 yUEHHKOB KJIacca MOYKHO BBIOPATh YETHIPEX /ISl yUacTHs B

pa3AHUYHOM KOHLepTe?
5. Peumre ypasuenue: C; - (x—1) = 30.

Kpurepun onenuBanus:

Onenka O0ocHOBaHME OLICHUBAHUS

«OTANYHO» Bce 3amanus BBINOIHEHBI TPAaBUIBLHO
«Xopouio» [TpaBUIBHO BBHIMIOJIHEHBI JHOObIE 4 3a1aHUS
«Y IOBIETBOPUTEIIBHO) [IpaBHJIbHO BBINOJIHEHBI JIIOOBIE 3 3a/1aHUS
«HeynoBneTBopuTeIbHON [IpaBrJIbHO BBHINOIHEHO MEHEE 3 3a1aHU

Ilpakmuueckan paooma Nel4: Tpenaxcepvr no meme: Ilpasuna komounamopuxu
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BonbmmHCTBO KOMOMHATOPHBIX 3371a4 PEIIAETCS C MOMOIIBIO IBYX OCHOBHBIX MPABMJI -
MpaBHUJia CyMMBI U MTpaBUJIa MIPOU3BEICHHUS.

IpaBuio cymmbl. Eciii HeKoTOpbIit 00BeKT A MOXKHO BBIOpATh 7 CIIOCOOaMHU, a IPYroi
00beKT B MOXKHO BBIOpaTh M criocobamu, TO BeIOOp "mubo A, mubo B" MOXKHO

n+m

OCYIIECTBUTD croco0amMu.

IIpaBuio npoussenenus. Eciu 00bekT A MOXKHO BBIOpaTh . crocodamu, a mocie
KaXJIOT0 TaKOT0 BBIOOpA APYyroit 00beKT B MOXKHO BBIOpATh (HE3aBUCUMO OT BhIOOpa

A) m

o0bekTa criocobamu, TO napsl 006eKTOB A 1 B MOXHO BBIOpATh M * Ml CIIOCOOaMH.

n b1 b2 bm | |
vl B={ 0,0, .., } | A - 9HCIIO 3JICMEHTOB

Ax B

mHOXecTBa A . CocTaBuM J€KapTOBO MPOU3BEACHHE mHOXecTB A 1 B, T.e. MHOXECTBO

a; bi)
map (-,

az

5]
IMycte A ={ ,

ueAbeB: AxB= [{(a1,b),(a1,b2),...,(01,bm),
(ﬂz, b]), [rlz, bz), ey (ﬂz, bfn‘j,

(@n,b1), (@2,Bn)5 .05 (@ns bm )}

Torna MMPpaBUJIO NIPOU3BECACHUA 3alIUCBIBACTCA CICAYIOIIUM o6pa30M:

[Ax Bl =]4] - B].

Ipumep 6. CKONBKO CYIIECTBYET IBY3HAUYHBIX YHCEIN?

Pemenue. [Tockonbky B 1By3HAUHOM 4Hcie LU pa, 0003HAYAIOIAS YUCIIO JIECSITKOB,
JOoJDKHA ObITh oTymuHa oT Hyist, To A ={1, 2, ...,9}, B ={0, 1, 2, ..., 9}

A= B ={10,11,...,19,..,080,01,...,99} ,|A x B| = |4]| - |B| =90.
"
Bb10opku 371eMeHTOB 0e3 OBTOPEeHui

Pa3zmeneHusiMu 13 1 3JIEMEHTOB I10 1M Ha3bIBAIOTCS TaKHe BBIOOPKH, KOTOPBIE, UMEs
0 7. 3JIEMEHTOB, BEIOPaHHBIX U3 YKCJIa JAHHBIX T AJIEMEHTOB, OTJIMYAIOTCS OJIHA OT APYroi
1100 COCTaBOM JIEMEHTOB, TUOO MOPSIKOM UX PACIIONOKEHHS.

m
Yucno pa3MeIeHHi U3 7 2JIEMEHTOB 110 7 0003HAYNM Hcnosb3yst OCHOBHOE
IPaBHIIO KOMOMHATOPHKH, MOTy4aeM
n!
A =nn-1)n-2)..in—-m+1)= —.
(n —m)!

Az

Eciu m = n, 1o - YKCIIO TAKUX PAa3MEIECHHH, KOTOPhIE OTIMYAIOTCS TOIBKO MOPSIKOM

Fn
pacrosoXkeHus 3J1eMeHTOB. Takue pa3MeleHus Ha3bIBaloTCs nepecTaHoBKaMu. Vx yucio

HaxoJUTCA 1Mo hopmye

F, = A, =nl
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BBI60pKI/I U3 T 3JICMCHTOB, B3AThIX U3 JAaHHBIX 11, OTIIHYAIOIINXCA TOJIBKO COCTaBOM

i m
3JIEMEHTOB, Ha3bIBAIOTCS COYETAHMSIMH U3 T JIEMEHTOB 110 M. Yucio TaKUX COYCTAHMIA
HaXOJUTCS
m
om AT n!
"  Pn mln-m)

IIpumep 7. CkomnbKo clioBapeil Hago U3AaTh, YTOOBI MOXHO OBLTO HEMOCPEICTBEHHO
BBITIOJHSATH MIEPEBOJIBI C TIOOOTO U3 MATHU S3BIKOB: PYCCKOTO, aHTJIMICKOTO, HEMEIKOTO,
(paHIy3cKOro, UCIIAHCKOIO - Ha JIF0OOH APYroi U3 3TUX IATH S3bIKOB?

Pemenue. [TockonabKky BaXKeH NOPSIOK, C KAKOTO S3bIKA 33a€TCs IIEPEBOJ HA APYTO, TO
JUIs OTBETA Ha BONPOC HEOOXOIMMO HAMTH YMCIIO pa3MEIeHH U3 MIATH 110 JBa.

Af = 5 5 -4 =20 (caoeapeit).
(5—2)!

IIpumep 8. B copeBHOBaHMX Ha EPBEHCTBO YHUBEPCUTETA MO BOJICHOOIY y4acTBYIOT 8
komaHJ. Hackonbko Oosiee MpoA0DKUTENbHBIM OyIeT TYpPHUD, OPTaHU30BAHHBIN MO0 KPYTOBOM
CHCTEME, YEM IO OJTUMITHHCKOM ?

Pewenne. [Ipu npoBeneHny TypHUpA 110 KPYTOBOM CUCTEME KKl YHACTHUK BCTPEUAIICS
C KaXJIbIM U NOPSIIOK UX BXOKJEHUS B IMapy He BaxkeH. Clie0BaTeIbHO, 10 KPYTOBOW CUCTEME

C2 = 5l =28
noTpeOyeTcs MPOBECTH BCTpEY, a [0 OJIMMIUHCKON TOJIBKO - 7 (4eThIpe
1/,
BCTpeuu B ¢uHana, ABe - B nonyduHane u ogHa B punane).
BbI60pKH 371€MEHTOB C TIOBTOPEHUSIMH
B maHHBIX BRIOOpKAX JOMyCKAECTCS MOBTOPEHUE JIEMEHTOB, UTO SBJISCTCS IOCTATOYHO
€CTECTBEHHBIM (Hampumep, B Tele(hOHHBIX U aBTOMOOMIBHBIX HOMEPAX BO3MOKHO
WCIIOJIb30BaHUE OJHON U(PHI HECKOIBKO pa3).

m
Yucno pa3meleHUii U3 1 3JE€MEHTOB [0 1 ¢ TOBTOPEHUSIMU 0003HaYaeTcs U
HaXOJIUTCS KaK
AT =n™
Fm,_,mz,...,mk . m .
Yucno nepecTaHOBOK , B KOTOPBIX 1-11 3JIEMEHT NTOBTOPSIETCS pas, 2-i -
Mz g
pas, a k-i - pa3, HaXOIUTCA CIAEAYIOIHUM 00pa3oM:
p _ (midma 4. +my)
LR, T mq lmal. ! |
IIpumep 9. Ckonbko "c10B" MOKHO MOTYYHUTh, IEPECTaBIAS OYKBBI B CIIOBE
MATEMATUKA?
Pip
Pemenune. 3ametuM, 4To eciu Obl Bce OYKBbI ObUTN PAa3IMYHBL, TO MOIYUUIIU ObI HOBBIX
"cioB", HO OykBa "M" ymotpebsiercs B "croBe" 2 pa3za, "A" - 3 paza, "T" - 2 pasa, ocTaBiiuecs
P P P
Tpu OYKBHI - IO pa3y. CieoBareabHO, HCKOMOE YHCIIO OyIEeT B pa3 MeHblIle,
Pl o
yeM , 1 PaBHO
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10!

F. = = 151200.
e TR TR TRE TS TS T
at
Yucio coueTaHuil ¢ TOBTOPECHUSIMH U3 T 3JIEMEHTOB I10 11 BBIPAXKAETCS YePe3 YUCIIO0
COUYCTaHWI 0€3 MOBTOPEHHUIA:
——
Cﬂ - C‘J:n-l—m—l'

IIpumep 10. B xade B mpogaxe UMEIOTCS 5 COPTOB MUPOKHBIX. CKOIBKUMH CIIOCOOaMH 8
CTYJICHTOK MOTYT 3aKa3aTh ce0e 110 0OTHOMY MUPOKHOMY?

Pemenue. 3amudppyeM Kaxayro MOKYNKY 8§ MUPOKHBIX SAUHUILIAMU IO 5 copTaMm, pa3aensis
copta HysiMH. Torna Kaxoi mokynke OyneT CoOOTBETCTBOBATh YHOPSIOUEHHBINH HaOOp u3 8
equaull U 4 (=5 - 1) pa3aenuTenbHbIX HYJIEH, a o0l1ee Yucio NOKYMoK OyJeT COOTBETCTBOBATh

PS 4
qUCITY IIEPECTAHOBOK ITUX Hyneﬁ Hn CANHUIL . Takum o6pa30M,

- 12!
Cf=Fss= A 495 = C5yg 1.

Bapuanr 1

1. CkonbKO pa3IUYHBIX TPEX3HAYHBIX YHUCEIl C pa3HbIMU LIU(PpaMH MOKHO COCTaBUTh U3 LUDD:
2,5,7,8,9?

2. CKOJBKO pa3Iu4HBIX TPEX3HAUHBIX YHUCEN cOCTaBUTh U3 mudp: 0,2, 5,7, 8, 9?

3. B kiacce 15 neBouek u 17 ManbunkoB. CKOJIBKO CYIIECTBYET CIIOCOOOB BEIOOPA OJTHOTO
BEYILEro /sl IIKOJIBHOTO Mpa3IHUKa?

4. 'Y Omu 3 xykusl 1 4 roromeBsIx MeaBenst. CKOJIBKO CIoco00B BRIOOpa OHOI UTPYIIKU €CTh
y Omn?

5. B cronoBoii ecth 3 Buaa nepBoro 0J10/1a, S BUAOB BTOPOro 0Jt0/1a U 3 BUa KOMIIOTA.
CKOJIBKO CYIIECTBYET BapUaHTOB 00ea /sl CTYJI€HTa, €CIIM OOBIYHO OH MOKYIAET MEPBOE,
BTOPOE U KOMITOT?

6. CKOJIBKUMH cIIOCOOAMU MOTYT 3aHATh O4Yepeib B Kaccy 5 yeraoBek?

7. Ha xmymbe pacusenu 15 kpacHbix, 10 0enbix, 12 po30oBbIix po3. CKOIBKO CYIIECTBYET
Croco0O0B COCTaBUTh OYKET U3 TPEX po3 pa3HOro Ipera’?

8. B kmacce 20 yvanmuxcsi. CKOTBKAMH CIIOCOOAMU MOXHO BBIOPATh CTAPOCTY M 3aMECTHTEIISI
CTapoCThI B 3TOM KJacce?

9. U3 25 unenoB TypucTtrueckoii rpymnmsl 10 denoBek BIaICIOT aHTIIMHCKUM SI3BIKOM, 8-
HEMELIKMM, a OcTallbHble- (paHIy3cKUM. CKOJIBKO CYIIECTBYET CIIOCOO0B BbIOOpa
JeNieTaluy U3 TPEX TYPUCTOB TaK , YTOOBI OHM BIIAJIEA TPEMSI SI3bIKAMU?

10. CkonbKO CyIIecTBYeT HEUETHBIX TPEX3HAUHBIX YUCEN, COCTABICHHBIX U3 uudp 5, 6, 7, 9?

Bapuanr 2

1. CxoNbKO pa3IMYHBIX TPEX3HAYHBIX YHCEN C Pa3HbIMH HU(paMU MOKHO COCTaBUTH U3 LUDP:
1,2,3,4,5?

2. CKOIIBKO Pa3IMYHBIX TPEX3HAYHBIX YHCeN cOocTaBUTh U3 udp: 0, 1, 3,5, 7, 9?

3. B kiacce 12 neBouek u 5 ManmbuukoB. CKOJIBKO CYIIECTBYET CIIOCOOOB BBIOOpA Maphl
BeylINX (Pa3HOIOION) ISl IIKOJIBHOTO TIpa3AHUKA?
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VY }Onu 7 myrncukoB u 5 runomeBsIx MeaBens. CKOJIBKO crioco00B BEIOOpa OHOM UTPYIIKU
ectb y FOmu?

B cTos10B0i1 ecTh 4 Bua nepBoro 0:toa, 6 BUI0B BTOPOro 0Jitoja u 2 BUJa KOMIOTA.
CKOJIBKO CyIIECTBYET BapUaHTOB 00ea /sl CTYEHTa, €CJIM OOBIYHO OH IOKYIIAET MepBoe,
BTOPOE U KOMIIOT?

CkonbKMMH crioco0aMu MOTYT 3aHATh O4Yepelib B Kaccy 6 yeraoBek?

Ha xmym6e pacusenu 8 kpacubix, 10 6enbix, 14 po30oBbix po3. CKOIBKO CYIIECTBYET
Croco0O0B COCTaBUTh OYKET U3 TPEX pO3 pa3HOro IBera’?

B knacce 25 ywanmuxcsi. CKOTBKUME CITIOCOOaMU MOYKHO BBIOpATh CTapoCTy U (pU30pra B
3TOM KJjacce?

13 20 41eHOB TYpUCTHUYECKON TPYMIBI 15 UenoBek BIaCIOT aHTTIMHCKUM SI3BIKOM, 3 —
HEMELKMM, a OocTallbHble- (paHIry3ckiUM. CKOIBKO CYIIECTBYET ClIOCOOOB BbIOOpa
JieNieraluy U3 TPEX TYPUCTOB TaK , YTOOBI OHM BIAJENIN TPEeMs S3bIKaMu?

10. CkoabKO CyIIecTBYeT YETHBIX TPEX3HAYHBIX YHUCEII, COCTAaBICHHBIX U3 1udp 4, 6, 7, 9, 0?

Bapuant 3

1. CKONBKO pa3NUYHBIX JBYX3HAYHBIX YHCEI C pa3HBIMHU IH(PpPaMH MOKHO COCTABUTH U3 LUDD:
2,5,7,8,9?

2. CKOJIBKO Pa3JIMYHBIX TPEX3HAYHBIX 4YHCcel coctaButh U3 mudp: 0, 1,2,5,7, 8, 9?

3. B xnacce 11 geBouek u 17 manpunkoB. CKOJIBKO CYIIECTBYET CIIOCOOOB BHIOOpPA OJTHOTO
BEYLIETo /IS IKOJIBHOTO Mpa3 HuKa?

4. 'V Onu 22 xykisl 1 4 mmomeBsix MeaBes. CKOJIbKO crioco00B BEIOOpaA OJTHOM UTPYIIKU
ectp y Onu?

5. B cTos0Boi#i ecTh 5 BUAOB mepBoro 0i1r0/a, 5 BUIOB BTOPOTo O1roAa U 2 BHUJIa KOMIIOTA.
CKOJIBKO CYIIECTBYET BapUaHTOB 00eaa sl CTY/IEHTa, €CIIM OOBIYHO OH MOKYIAEeT MEPBOE,
BTOPOE U KOMITOT?

6. CxonbKuUMH crioco0aMu MOTYT 3aHATh OYepelb B Kaccy 4 yemoBeka’?

7. Ha xnymOe pacusenu 11 kpacHbIX, 8 6embIX, 15 po30BbIx po3. CKOJIBKO CYIIECTBYET
Croco0OB COCTaBUTh OYKET U3 TPEX P03 pa3HOTro IBeTa?

8. B kmacce 18 yuamuxcs. CKOJIBKUMH CIIOCOOaMU MOXHO BBIOPATh CTapOCTY U 3aMECTHTEIS
CTapoCTHI B 3TOM KJjiacce?

9. U3 30 uneHoB Typuctrueckoi rpymnmsl 10 yenoBek BiIaJCIOT aHTTTUHCKUM S3bIKOM, 12 —

10. CkonbKoO CyIIecTBYyeT HEUETHBIX TPEX3HAYHBIX YHMCEN, COCTaBIEHHBIX U3 udp 2, 5, 6, 8, 9?7

HEMEIIKUM, a OCTajibHble- (hpaHIly3cKUM. CKOJIBKO CYIIECTBYET CIIOCOOOB BBHIOOpA
JieNieraliuy U3 TPeX TYPUCTOB TaK , YTOOBI OHM BJIAJIENU TpeMs S3bIKaMu?

Bapuant 4

1. CxoOJIBKO pa3JIMYHBIX JIBYX3HAYHBIX YHCEJ C pa3HBIMH MH(PPaMU MOKHO COCTaBUTh U3 IHPP:
1,23,4,5?

2. CKOJIBKO Pa3JIMYHBIX TPEX3HAYHBIX YHCET cOocTaBuTh u3 mudp: 0, 1,2, 3,5, 7, 9?

3. B xmacce 15 neBouek u 5 ManbuukoB. CKOJIBKO CYIIIECTBYET CIOCOOOB BEIOOpA Maphl
BeyUINX (Pa3HOIOJION) UIsl IIKOJIBHOTO pa3AHuKa?

4. 'V IOnu 9 nyncukoB u 8 mitoiieBbix MeaBeas. CKOIbKO clIoco00B BEIOOpA OTHOM UTPYIIKH

ectb y FOmm?
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B cTo510B0I1 ecTh 2 Bua nepBoro 0Jtoa, 7 BUJOB BTOPOro 0Jt0a U 3 BUa KOMIIOTA.
CKOJIBKO CyIIECTBYET BapUaHTOB 00ea NIl CTYEHTa, €CIIM OOBIYHO OH IOKYIIAET MEepBOe,
BTOPOE U KOMIIOT?

CkoibKMMH cr1oco0aMu MOTYT 3aHATh O4Yepelib B Kaccy 7 4eraoBek?

Ha xmym6e pacisenu 18 kpacHbIX, 6 0enbiX, 8 po30BbIX po3. CKOIBKO CYIIECTBYET CIIOCOO0B
COCTaBUTh OYKET U3 TpeX PO3 Pa3HOro LBera?

B knacce 24 yvanmuxcsi. CKOITBKUME CIIOCOOaMU MOXKHO BBIOpATh CTapoCTy U (pU30pra B
3TOM KJjacce?

N3 20 4j1eHOB TYpUCTUYECKOM IPYIIIBI 5 YEIOBEK BJIAJICIOT AHIIIMMCKUM S3bIKOM, 3 —

HEMEIIKUM, a OCTalibHbIe- (hpaHIy3cKiM. CKOJIBKO CYIIECTBYET CIOCOOOB BHIOOpA
JeJIeTalli U3 TPEX TYPUCTOB TaK , YTOOBI OHU BJIAJICTH TPEMs SI3bIKAMH?

10. CkoabKO CyIIecTBYeT YETHBIX TPEX3HAYHBIX YHUCEII, COCTAaBIICHHBIX U3 1udp 4, 6, 8, 9, 0?

OtBeTnl:

Ne n/mt | Bapwmanr 1 Bapuant 2 Bapuanr 3 Bapuant 4
1. 60 60 20 25
2. 180 180 294 294
3. 32 60 28 75
4. 7 12 26 17
S. 45 48 50 42
6. 120 720 24 840
7. 1800 1120 1320 864
8. 380 600 306 552
9. 560 90 960 180
10. 32 60 25 80

Kpurepun onenuBanus:

Onenka Oo0ocHOBaHHE OLICHNBAHUS
«OTIUIHO» [IpaBunbHO BEITIOMHEHHI JIIOOBIE 9-10 3amanuit
«Xopomo» [TpaBUIIbHO BBIMONHEHHI FO0BIE 7-8 3aMaHMit

«Y IOBJIETBOPUTEIBHO [TpaBUIBEHO BBHIMOIHEHHI JIOOBIE 5-6 3aMaHUi

«Hey,Z[OBJ'IeTBOpI/ITeJ'IBHO» HpaBI/IJ'IBHO BBIIIOJIHEHO MEHee S5 3agaHuit

Ilpakmuueckasa paooma Nel5: Tpenasxcepovt no meme: Yucno opoum

IIpaBuJio npousBeaeHHUsI: TYCTh U3 HEKOTOPOI'O KOHEYHOTO MHOXKECTBA
1-it 00BbEKT MOXKHO BBIOpaTh K1 criocobamu,

2-0i1 00BeKT — K2 ciocobamu,

N-bIif 00BEKT - Ky criocobamu. (1.1)

Toraa mpou3BONBHBIN HA0OP, TEPEUUCIIEHHBIX N 00BEKTOB M3 JAHHOTO MHOXKECTBA MOKHO
BBIOpATh Ki, Ko, ..., kn criocobamu.
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IIpumep 1. CKOJIBKO CYIIECTBYET TPEX3HAYHBIX YHCEI C pa3HbIMU ITudpamu?

Pewenue. B necstuaHoi cucreMe ncuucienus aecats mudp: 0,1,2,3,4,5,6,7,8,9. Ha
MIEPBOM MECTE MOXKET CTOSTH Jito0ast u3 AeBaTH uudp (kpome Hymst). Ha BTopom Mecre -
mo0as u3 ocrtaBmuxcs 9 mudp, kpome BeIOpanHOW. Ha mocneqneM Mecre irobas u3
ocraBmuxcs 8§ nugp.

ITo mpaBwmty mpousBeneHus 9-9-8 = 648 TpEX3HAUHBIX YUCET UMEIOT Pa3HbIC MU PHI.

IIpumep 2. 13 nynkra A p ITYHKT B BEIYyT 3 IOPOTH, a U3 IIyHKTa B g ITYHKT C_4

noporu. CKOJIBKHMHU CIIOCOOaMH MOKHO COBEPILIUTH MOE3AKY U3 AgC qyepes B 7

Pewenue. B nynkre A ectb 3 criocoba BbIOOpA JOPOTH B TYHKT B , @ B ITyHKTE B ccrs
4 ciocoba momacTh B MyHKT C . Cornacno MPUHIIMITY YMHOXKEHUS, CYIIECTBYET 3%4 = 12

CII0CO0O0B IONACTh U3 IMyHKTA A g ITYHKT .

IIpaBuso cymmbl: 1ipH BblToHEHUH ycinoBui (1.1), 060t 13 00BEKTOB MOKHO
BeIOpath K1+ko+... +kn ciocobamu.

IIpumep 3. CKOIBKO CYIIECTBYET CIIOCOOOB BRIOOpA OJTHOTO KapaHaIia u3 KOPOoOKH,
coJiepKalieit 5 KpacHbIX, 7 CHHUX, 3 3€JICHBIX KapaH/alia.
Pewenue. Onun KapaHjani, 1o nNpaBuUiIy CyMMbI, MOXHO BbIOpaTh 5+7+3 = 15 ciocobamu.

Ipumep 4. ITycts u3 ropoxa <4 B ropox B yoxwo no0paTbcs OTHUM aBUaMapIIPyTOM,
JBYMsI JKEJI€3HOIOPOKHBIMU MapUIPyTaMH U TPEMs aBTOOYCHBIMU MapIIpyTaMHu.

CKOMBKIMH CIOCOGAMI MOXHO 100paThest U3 ropoaa £ B ropos B9

Pewienue. Bee ycnoBus NPUHIUIA CI0KEHUS 3/1€Ch BBIIIOJIHEHBI, TI03TOMY, B
COOTBETCTBUU C 3TUM IPUHLHUIIOM, ITosyduM 1+2+3 = 6 crioco0oB.

PaCCMOTpI/IM IIpuMeEp, I/IHHIOCTpI/IPYIOH_[Hﬁ pa3jiniue NMpUHIUIIOB YMHOXKCHUA U CIIOKCHU .

IIpumep S. B Marazuse 37€KTPOHUKH IIPOJAOTCS TPH MAPKH TEJIIEBU30POB U /1B BUJA
BUJEOMAarHUTO(OHOB. Y MOKYMATENsl €CTh BO3MOKHOCTU IIPUOOPECTH JTMOO TEIEBU30D,
1100 BuaeOMarHuTo(oH. CKOIBKUMH CIOCO0aMHU OH MOXKET COBEPLIMTH OJIHY MOKYIKY?
CKOJIbKO pa3/InYHBIX KOMILJIEKTOB, COIEPIKAILIUX TEIEBU30P U MarHUTOPOH, MOKHO
nproOpecTy B 3TOM MarasuHe, eciy MoKynareiab coOupaercsi IpUoOPecTH B ape U
TEJEBU30p, U BUAECOMArHuTOpoH?

Pewienue. OnyH TeNEBU30P MOKHO BBIOPATh TpEMsl clI0cOOaMu, @ MarHUTO(OH —
IpyruMu aByMmsi criocobamu. Torna TeneBu30p WM MarHuTOPOH MOKHO KyNUTh 3+2=5
croco6amu.

Bo BTOpOM ciiyyae oauH TEIEBU30p MOKHO BBIOpPATh TPEMsI CIIocO0aMHu, MOCIJIE ITOrO
BUIEOMAarHUTO(OH MOKHO BBIOpaTh 1ByMs criocobamu. CrieZioBaTeNbHO, B CUITY
MIPUHIINIIA YMHOKEHHUSI, KyITUTh TEJIEBU30P U BUJECOMAarHUTO(POH MOKHO 3%2 = 6
croco6amu.

PaccmoTpum Teneps npuMepsl, B KOTOPBIX MPUMEHSIOTCS 00a IpaBuiia KOMOWHATOPUKHU: U
MIPUHIUIT YMHOKEHUS, U IPUHIUIT CIIOKEHUS.
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IIpumep 6. B xop3une nexat 12 56510k u 10 anenbcuHoB. Bans Be1OMpaeT 1u60 s10710K0,
nu6o anenbcuH. [locne yero Hans Be1OMpaer u3 ocraBmuxcs GpyKkToB U SOJIOKO U
anesbciH. CKOJIbKO BO3MOXHO TaKUX BBIOOPOB?

Pewenue. Banst Mmoxxet BeIOpaTh 510510K0 12 criocobamu, anenscuH — 10 crioco6amu. Ecim
Bans BeiOupaet s6:m0k0, To Hans mosxxet BbiOpats s16510Kk0 11 cioco6amu, a anenscud — 10
criocobamu. Ecnii Bans BeiOupaet anenbcus, To Haast Mmoket BeIOpath s10710K0 12
crocobamy, a anenbcuH — 9 cnocobamu. Takum o6pazom, Bans u Hansg moryt caenare

12-11-10+10-12-9=2400

CBOM BBIOOD croco0amMu.

Ipumep 7. Ectb 3 nucbma, Kax10€ U3 KOTOPBIX MOYKHO IOCHATh 10 6 aapecam.
CKOJBKMMH CITIOCOOaMM 3TO MOXKHO C/IEaTh?

Pewenue. B nanHoi 3a7a4e MbI 10JI2KHBI PACCMOTPETH TPHU CJIy4asi:
a) BC€ MUChMa PacChUIAIOTCS MO Pa3HBIM apecam;

0) Bce mUChMa MOCHUIAIOTCS IO OJTHOMY aJIpecy;

B) TOJIBKO JIBa MMChMa MOCHUIAIOTCS IO OHOMY ajipecy.

Ecnu Bce nuchbma pacchlIatoTCs IO pa3HbIM aJpecaM, TO YHUCIIO TaKUX CIIOCOOO0B JIETKO
HAXOJUTCS U3 MPUHIMIA YMHOXKEHUS: N1 = 6x5%4 = 120 cnoco6oB. Eciu Bce nucbma
MIOCBUIAIOTCS 110 OJJTHOMY aJIpecy, TO TaKuX crioco0oB OyneTr N2 = 6. Takum oOpazom,
0CTaeTcs pPacCMOTPETh TOJIBKO TPETHUH ciaydaid, KOr/ia TOJIbKO 2 MUChMa MOCHUIAKOTCS 10
0JIHOMY ajipecy. BeiObpaTh kakoe-1100 MMChMO MBI MOXKEM 3 CIIOCOOaMH, U MOCIaTh €ro
[0 KaKOMY-JIN00 BEIOpaHHOMY ajjpecy MoxeM 6 criocodamu. OcraBiimecs ABa MUCbMa Mbl
MO’KEM IoCaTh 10 OCTAaBIIMMCS aapecaM 5 criocodamu. CienoBaTeNnbHO, MOCIAaTh TOJIBKO
JIBa MHCbMa 10 OJAHOMY aJipecy Mbl MOXkeM N3=3x6x5=90 crioco6amu. Takum o6pazom,
pasocnath 3 nmuchbMa 1o 6 azpecaM B COOTBETCTBUE C IPUHITUIIOM CIIOKEHUS MOYKHO

-+ =12 =1
Ry Ry =120+ 6+80=216

OOBIYHO B KOMOMHATOPHKE pacCMaTPUBACTCS UACATU3UPOBAHHBIN IKCIIEPUMEHT T10
BBIOOPY Haya4y K a7ieMeHTOB 13 N. [Ipy 3TOM 3JIeMEHTHI: a) He BO3BPAIAIOTCS 00pPaTHO
(cxema BbIOOpa O€3 BO3BpalleHHil); 0) BO3BpalatoTcs 00paTHo (cxema BeIOOpa ¢
BO3BpAIIICHUEM).

1 BapuanT

1. CxonpKuMH crioco6aMu MOKHO COCTaBUTh PACIMCAHUE OHOTO YUeOHOro JHS U3 5
pa3IMYHBIX YPOKOB?

1) 30 2) 100 3) 120 4) 5

2. B 9«b» knacce 32 yuamuxcs. CKOJIbKHUMH CITOcO0aMu MOXHO c(OpMUPOBATh KOMaHAy U3 4

YEJIOBEK I y4acTHsl B MATEMaTHYECKOW ONMMIuazae?

1) 128 2) 35960 3) 36 4)46788



3. CKOJBKO CYIIECTBYET PA3IMYHBIX JIBY3HAYHBIX YHCEJI, B 3AIIHCH KOTOPHIX MOXKHO
UCTONB30BaTh UGPEI 1, 2, 3,4, 5, 6, ecnut iudphl B YUCIIe JOKHBI OBITh PA3TUYHBIMU?

1) 10 2) 60 3) 20 4) 30
4. Beraucauts: 6! -5!
1) 600 2) 300 3) 1 4) 1000

5. B simuke HaxoauTes 45 mapukoB, U3 KOTopeix 17 O6enbix. [ToTtepsian 2 He OeNbIX mapuka.
KakoBa BepoSITHOCTB TOTO, UTO BHIOpAHHBIN HayraJ mapuK OyaeT 6esbim?

17 17 43 17
1 — 2 — 3 — 4) —
) 45 ) 43 ) 45 ) 45
6. bpocatot Tpu MoHeThl. KakoBa BEpOSTHOCTh TOT'0, UTO BBINAAYT JBa OpJia U OJIHA pelika’?
3 1
1) > 2) 0,5 3) 0,125 4) 3

7. B nenexxno-gemieBoii jorepee Ha 1000000 6mtetoB pasbirpeiBaercs 1200 BemieBbix u 800

JCHCXKHBIX BBII/IFpBIHIeﬁ. KakoBa BCPOATHOCTD BLII/IFpLIIlIa?
1) 0,02 2)  0,00012 3) 0,0008 4) 0,002

2 BapuaHT
1. CkonbKO pa3nuYHBIX MATU3HAYHBIX YHCET MOKHO COCTaBUTh U3 mudp 1, 2, 3, 4, 57
1) 100 2) 30 3) 5 4) 120
2. meroTcst moMUI0pHI, Orypubl, 1yK. CKOJIBKO pa3InYHbIX CadaTOB MOKHO IIPUTOTOBUTH, €CIIU
B KaXJIbIM cajaT JOJKHO BXOJUTh 2 Pa3IMUHbIX BUJla OBOLIECH?
1) 3 2) 6 3) 2 4) 1
3. CxonpkuMu criocobamu 13 9 y4eOHBIX MPEIMETOB MOYKHO COCTaBUTh pacliCaHue yueOHOTro
IHS 13 6 pa3IuYHbIX YPOKOB.

1) 10000 2) 60480 3) 56 4) 39450
I
4. Beraucaure: g
6!
4
1) 2 2) 56 3) 30 4) §

5. B urpansnoii konozae 36 xkapt. Hayran BeiOupaetcs onna kapra. KakoBa BeposiTHOCTb, YTO 3Ta
Kaprta — Ty3?
1 1 1 36
= D o SIS 4=
36 35 9 4
6. Bpocarot nBa urpaneHeIx Kyouka. KakoBa BEpOATHOCTH TOTO, UTO BHINAAYT JABE YETHHIC

U ps1?

1)

2
1) 0,25 2 3) 05 4) 0,125

7. B xop3une nexar rpudsl, cpean kotopbix 10% 6enbix u 40% peikxux. KakoBa BeposiTHOCTh
TOT0, YTO BHIOPAHHBIN I'prO OEIbIN WIIH PHIKUIL?

1) 05 2) 04 3 0,04 4) 0,8

3 BapuaHT
1. Ckonbkumu crioco0amMu MOKHO PACCTaBUTh 4 pa3IMYHbIEe KHUTH HAa KHIDKHOW MOJIKe?

1) 24 2) 4 3) 16 4) 20
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2. CKOJIbKO JuaroHajaeii UMeeT BBIIYKJIbII CEMUYTOJIbHUK?
1) 30 2) 21 3) 14 4) 7

3. B ¢pyr6onbHoit komanze 11 yenoBek. Heo6xoaumMo BbIOpaTh KaluTaHa U €ro 3aMECTUTEIIS.
CKOJBKMMH CIIOCOOAMHU 3TO MOKHO CENaTh?

1) 22 2) 11 3) 150 4) 110
n!
4. Cokparute 1poOs: (n+D)!
n 1 2
1 1 2 — 3 — 4) —
) ) n+1 ) n+1 ) n+1

5. KakoBa BepOATHOCTb, YTO IIPU OAHOM OpPOCKE UTPAIbHOTO KyOHKa BBINAAAET YHCIO OUKOB,
paBHOE YETHOMY YHUCITY?
1

1
1 =~ 2) 0,5 3) - 4) 0,25
) 3 ) ) 3 )

6. Karsa u Ans numryt auktant. BepostHocTs Toro, uro Kats gomycTtut omubKy, cocTaBiseT
60%, a BeposiTHOCTh onOKU y AHU cocTaBisieT 40%. HaliTu BeposiTHOCTH TOTO, 4TO 00€
JICBOYKH HAITUIIYT JUKTAHT 0€3 OMHOOK.

1) 0,25 2)0,4 3) 0,48 4) 0,2
7. 3aBox BhITyckaeT 15% mpoyKiiuu BeIciiero coprta, 25% - nepsoro copta, 40% - BToporo
copTa, a Bce octajabHOe — Opak. HaiiTu BepoSITHOCTh TOTO, UTO BBEIOpAaHHOE U3JIENHE HE OyeT
OpaKOBaHHBIM.

1) 0,8 2) 0,1 3) 0,015 4) 0,35

4 BapuaHT
1. Ckonbkumu crioco0amMu MOTYT BCTaTh B ouepesib B OMIIETHYIO Kaccy 5 yenoBek?
1) 5 2) 120 3) 25 4) 100
2. CKONbKMMHU crioco0amu 13 25 y4eHHUKOB Kilacca MOKHO BBIOpATh YEeThIpeX Ul yJacTus B
pa3AHUYHOM KOHLIepTe?

1) 12650 2) 100 3) 75 4)10000
3. CKOJIbKO CYIIECTBYET TPEX3HAUHBIX YHcell, Bce HUPpbl. KOTOphIX HEUETHBIE U pa3IMYHBIE.
1) 120 2) 30 3) 50 4) 60
I
4. YnpocTuTe BBIPAKECHHE: M
(n-2)!
n+1
1) 05 2y 1= 3  n’-n 4)n?-1
n-2
5. KakoBa BepOsITHOCTb, YTO peOEHOK poauTCs 7 yucina?
7 7 7 7
1 — 2 — 3 - 4) —
) 30 ) 12 ) 31 ) 365
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6. Kax/ip1ii 13 Tpex CTPENIKOB CTPENISET B MUIICHD IO OJJHOMY pasy, IpHYeM HONalaHHs IIEPBOTO
ctpenka cocrasiseT 90%, sroporo — 80%, Tpetbero — 70%. Haiinure BepoATHOCTH TOTO, UTO
BCE TPU CTpPEJIKA MOMAAYT B MUIICHB?
1) 0,504 2) 0,006 3) 05 4) 0,3
7. W3 30 yueHukoB cniopTkiacca, 11 3anumaercst pyroonom, 6 — Boneiibomom, 8 — 6erom, a
OCTaJIbHbIE MPBDKKAMH B JUTHHY. KakoBa BEpOSTHOCTH TOTO, YTO OJIMH IIPOU3BOJIIEHO BHIOPAHHBIN
YUYCHHUK KJIacca 3aHUMaeTCs UTPOBBIM BHJIOM criopTa?

17 28 14

0 2) 0,5 3) 4) =

1) —
30 30

Kiouu:
Bapmuanr 1

Ne 1 2 3 4 5 6 7
3a/1aHus

Ne orBera | 3 2 4 1 2 3 4

Bapuanr 2

Ne 1 2 3 4 5 6 7
3aaHus

Ne orBera | 4 1 2 2 3 1 1

Bapuant 3

Ne 1 2 3 4 5 6 7
3a/laHus

Ne orBera |1 2 4 3 2 4 1

Bapmuanr 4

Ne 1 2 3 4 5 6 7
3aJJaHus

No orBeTa | 2 1 4 3 2 1 1

Kpurepun onenuBanus:

Onenka O06ocHoBaHHE OLIEHNBAHMSI

«OTIHIHOY Bce 3aganus BEIOJIHEHBI TPABUIIHHO
«Xopomo» [TpaBUIIbHO BBIMONHEHHI TIO0BIE 5-6 3aMaHMi
«Y 1OBIETBOPUTEIIBHO) [IpaBHJIbHO BBINOIHEHBI JIIOOBIE 4 3a1aHUS
«HeynoBiaeTBOpUTETBHOY» [IpaBUnbHO BBINOJHEHO MeHEe 4 3a1aHUT

Ilpakmuueckasa paooma Nel6: Tpenasricepovt no meme: Koopounamot u éekmopul u
njaockocmu

44



Koopannatsl BeKTOpa Ha MJI0CKOCTH
[TepBBIM MyHKTOM PaccCMOTPUM BEKTOPHI Ha MIIOCKOCTU. I300pazuM gexkapToBy NPSIMOYTOJIbHYIO

CHCTeMy KOOPIMHAT M OT Hayajla KOOPJMHAT OTJIOKHM eIMHHIHbIe BEKTOPHI * 1 +
z i N z s

Bektopsl ¢ 1 ¥ oproronansuel. OproronansHsl = [lepneHauKyspHbl. BmMecto
NapauieTbHOCTU U NEePIEHANKYISIPHOCTH UCIOIb3YEM COOTBETCTBEHHO

CJIOBA KOJIUHEAPHOCHb U OPIMO2OHAILHOCHLb.

O0o03HauYeHHe: OPTOrOHAIBHOCTH BEKTOPOB 3aMKCHIBAIOT MPUBBIYHBIM 3HAYKOM

TepIHeH INKYIAPHOCTH, HAIPUMEp: L

PaccmaTpuBaemble BEKTOPHI Ha3bIBAIOT KOOPANHATHBIMHM BEKTOPAMHU UM OpTaMu. J[aHHbIE
BEKTOpBI 00pa3yloT 6a3uc Ha MI0cKOoCcTU. [IpocThiMu crioBaMu, 0a3uc M Ha4ajao KOOPAUHAT
3aJ]aI0T BCIO CUCTEMY — 3TO CBOEOOpa3HbIid ()yHIAMEHT, Ha KOTOPOM KHITHT TIOJTHAS U
HACbIILIEHHAsi FTeOMETPUYECKas )KU3Hb.

JIro60ii BekTOp ¥ TUIOCKOCTH €IMHCTBEHHBIM 00Pa30M BHIPAXKACTCS B BUJIC:

VEV TV pre M0V — ameaa, KOTopbie HA3BIBAIOTCS KOOPAMHATAMM BEKTOPA B JaHHOM
F=w i+vJ 7
Gasuce. A caMo BbIpaXKeHHE HA3bIBAETCS Pa3JIOKEHHEM BEKTOpa ¥ 10

0aszucy @J ).
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IIpocreiimme 3a1a4u AHAJTUTHYECKON reOMEeTPHH.

JeiicTBHS ¢ BEKTOPAMM B KOOPAMHATAX

3ananus, KOTopble OyAyT pacCCMOTPEHBI, KpalfHE JKeJIaTeNIbHO HAyYUThCS PElIaTh Ha MOJIHOM
aBTomare, a OpMyJIbl 3alIOMHUTH HAaU3yCTh. ITO BECbMa Ba)KHO, MOCKOJIbKY Ha MPOCTEHIINX
3JIEMEHTAPHBIX IpUMepax 0a3upyroTcs APyrue 3a/1a4i aHATUTHYECKONW T€OMETPHH.

Kaxk HaiiT BeKTOp 10 ABYM TOYKaM?

Ecnu nagel AB€ TOYKHU MJIOCKOCTU A(xl; ¥ 1) " B(xﬂ; F 3:' , TO BEKTOp AB pmeer clieAyromue
KOOPJAUHATHI:

AB(xy —m =)

To ecTp, U3 KOOPAUHAT KOHIIA BEKTOPA HYKHO BBIYECTh COOTBETCTBYIOLIME KOOPAUHATHI Havaja
BEKTOpA.

[Ipumep 1

JlaHbl 1BE TOYKH MIIOCKOCTH Az 1) U B(=2.3) . Haittu koopauHatel BEKTOpa Af
Pemenue: mo coorBeTcTBYIOLICH (hopMmyIe:

AB(=2-2.3-11= AB(-4, )
OtsBerT: AB(=4; 2)

ITo YCJIOBUIO HC Tpe60BaJIOCb CTPOUTDH YCPTCIKA (‘lTO XApaKTCpHO IJIA 3a1a4 aHAIIMTHYECKOM

FeOMCTpI/II/I), HO B ICJIAX ITOSICHCHUSA HeKOTOpBIX MOMCHTOB
: ; A ; - ; :

Y

0 N
OO0s13aTeIbHO HY)KHO MIOHUMATh Pa3IHune MEXITy KOOPJMHATAMH TOYEK M KOOPAHMHATAMH
BEKTOPOB:

KoopauHaTel TOUeK — 3T0 00BIYHBIE KOOPIMHATHI B IPSIMOYTOJIBHOM CUCTEME KOOPIUHAT.
Kaxnas Touka o0agaeT CTpOriM MECTOM Ha TUIOCKOCTH, U TIepeMeIlaTh UX KyIa-a1u00 Helb3sl.

77
Koopaunatsl sxe BEKTOpa — 3TO €ro pa3joKeHue 1o 0a3ucy J ), B JIAaHHOM

AB=—-% +2; .
ciyyae . JIro6o1i BeKTOp sABIIsIETCS CBOOOIHBIM, TIOATOMY NPU HEOOXOAUMOCTH MbI
JIETKO MOKEM OTJIOKUTH €r0 OT KaKOW-HUOYAb IpYroi TOUKH MIOCKOCTU. IHTepecHO, uTo JIs
BEKTOPOB MOKHO BOOOIIIE HE CTPOUTH OCH, IPSMOYTOJIbHYIO CUCTEMY KOOPMHAT, HY)KEH JIUIIb
6asuc.

3anucu KOOpAMHAT TOUYEK U KOOPIMHAT BEKTOPOB BPOJie OBl CXOXKU: A2 1), B(=23), AB(-4. 2) ,
a CMBICJI KOOpJIMHAT a0COJIFOTHO pa3HbId, U BaM CJIEIyeT XOPOIIO MOHUMATh 3Ty Pa3HUILY.
[Tpumep 2

a) JlaHbl TOYKH A=43) 4 L =3 Hajirw BekTopsl A5y 84

6) lanbl TOUKH A2 0, B-7 D) u e . HaiiTu BexTOpBI Af, AC u 5

Uto BaXKHO MU pellIeHUN 3a1a4 aHanuTudeckoii reometpun? Baxkno Obith [TPEJIEJIBHO

BHUMATEJIbHBIM, 4T00BI HE TOMYCTUTHh MAaCTEPCKYIO OIITUOKY «/IBa IUTIOC JIBA PABHO HYJIIIO.

Kak naiiTu 1yimHy orpeska?
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JlmiHa, KaK y:Ke 0TMedanoch, 0003HAYAETCsl 3HAKOM MOJTYJIS.
Ecnu nanbl ABE TOUYKH INIOCKOCTH Alx, ) 51 Blx3; ) , TO JUINHY OTpE3Ka A8 voxuO

7 )
A5 = J Ty —x) Oy -
BBIYHCIIUTH 110 HhopMmyIie [48]= (3 = 2)" + (3 = 30)
Ipumeuanue: Popmynvi ocmanymcs KOppeKmHuIMU, eClu Nepecmasums Mecmamu

|HB|: ‘J(xl _xzz'j + (" —.Jf’g:'j

coomeemcecmeyrowue KoopOuHambl: , HO bonee cmaHaapmeH

nepevlii 8apuanm

[Tpumep 3

JlaHbl TOYKH A=35) y G- 3) Haru umHy otpeska 45 |
PelieHue: Mo COOTBETCTBYIONIEN hopMmyIte:

48| = J(1— (=30 + (—3-5)* = J4* + (-8 = [I6+64 = R0 =4./5
Otper |ﬂB| = -*-'h,u'g en. & 8,94 e
JUst HaTJIsTHOCTH BHITIONHIO 9ePTER

;/.(—'5:.5) Y

OTpe3OK AB _ 9TO HE BCKTOp, U IICPEMCUIATH €TI0 Ky,[[a-J'II/I60, KOHCYHO, HCJIb34. KpOMe TOTO,
€CJIN BbI BBITIOJIHUTE YCPTCK B Maciraoe: 1 Ca. = 1 cMm (,[[Be TETpAAHBIC KJ'IGTKI/I), TO

| 45| = 8,94 en.

MOJTYYEHHBIN OTBET
W3MEpUB JJIMHY OTpe3Ka.

Ja, perieHne KOpoTKOe, HO B HEM eCTh ell€ Mapa Ba)KHbBIX MOMEHTOB, KOTOPBIE XOTENIOCh ObI
MOSICHUTD:

Bo-nepBbIX, B OTBETE CTaBUM Pa3MEPHOCTb: «€AMHMLIBY. B ycimoBun He ckazano, UTO sro,
MUJUTUMETPBI, CAHTUMETPBI, METPBI WIIM KHWIIOMETpHI. [103TOMY MaTemMaTHUeCKH rPaMOTHBIM
peleHreM OyzeT o01mas GopMyIHPOBKA: «EIUHHUIIBD) — COKPAIIEHHO «EJI.».

Kak naiiTu 1uinny Bekropa?

MO>KHO NMPOBEPUTH OOBIUHOM JTMHENKOM, HEOCPEACTBEHHO

— = 2
AR vV=.w+ vz
Ecnu nan BEKTOP IIJIOCKOCTH ( 1 3) , TO €T0 JAJINHA BBIYUCIIICTCA 11O (I)opMyJIe 1 4

[Tpumep 5

JlaHbl TOUKH

HI:—B, 5) " B(L - 3:' . Havitu JUIMHY BEKTOpa E .

Pemenne: CHauana Hali1EM BEKTOP e
AB(1-(-3),-3-9 = AB(4,-§

-_ |2
I[To ¢popmyse V=gt vg BBIYUCIIUM JJIMHY BEKTOpa:
|E|: JP+ -8 = 16+ 64 = .JB0 = 4.5

Otger: |E| = 4«5 ex. = o8,9 e
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He 3a0p1BaeM yka3bpIBaTh pa3MEpPHOCTb — «EAMHUIB»! Beeraa iau, ketaT, Hy)KHO pacCUUTHIBATh
puOJIMKEHHOE 3HaueHue (B JaHHOM npumMepe 8,94), eciu 3Toro He TpedyeTcs B YCIOBUU?
Oxpyrnenue 1enecoodpa3Ho NPOBOIUTH A0 2-3-X 3HAKOB MOCIIE 3aIlsTOM.

Brimosmmm depTesk K 3anaqe:

v
i

B(1,=3)

OTnnuue cOCTOUT B TOM, UTO 3/I€Ch pedb UJET O BEKTOPE, a HE 00 oTpe3ke. BekTop MOKHO
HEPEeMECTUTh B JIIOOYIO TOUKY IJIOCKOCTH.
A B uém cxozctBo [Ipumepa 3 u [Ipumepa 5?7 ['eomerpuuecku oueBUIHO, YTO JJIUHA

orpeska A5 pasHa jHe BekTOpa AB  Tak e oueBmHO, 4TO LIMHA BEKTOpA BA Gyner
A8 =[4B|= B4
Takon xe. I1o urory: | | | | |_|

3amauy 3 MOKHO OBLIO PEIIUTh U BTOPBIM CIIOCOOOM, TOBTOPIO ycioBue: JlaHbl TOUKH
a Bk

A=35)
-3 . Haittu nmuny orpeska AB

_ _ _+F Y
Bmecrto npumeneHus: Gopmysibl |H‘S| - "j(xﬂ )+ 00—
AB(1—(=3), - 3- 5 = AB(4, - §)

, [IOCTYIIACM TaK:

1) Haxoaum BekTop
2) A Temeps cchllaeMCs Ha TO, UTO JIJIMHA OTpe3Ka AL paBHa JUIMHE BEKTOpa AR
|45]= |E|= J42+(=8)% = B0 =4[5 en. = 8,94 e,

DTOT croco0 MIMPOKO MPAKTUKYETCS B XOJI€ PEIICHUH 3a/1a4 aHAIUTHUYECKOU T€OMETPHH.

1 Bapuanr:
Ha xoopanHaTHoii niiockocTu OXy yKazKkuTe:

a) TOuKy, CHMMeTpUuHYI0 Touke P(2;-3) orHocutenpro Touku Q(1;0);

b) Touky, cumMmeTpuuHyIO Touke P(-2;5) OTHOCHTENBHO OUCCEKTPHCHI BTOPOTO U
YETBEPTOr0 KOOPAWHATHBIX YTJIOB;

C) TOYKH, pacIOJIOKEHHBIC BHYTpH NpsiMoyrojibHuKka ¢ BepumHamu A(-1;-3), B(-1;2), C(3;-
3), D(3;2).

d) TOukwm, IeKaIIne B TPEThEH YSTBEPTH;

€) TOuKY, eIy 0Tpe3ok ¢ koHuamu A(-2;7), B(4;-1) B oTHomenuu 1:3.

2 BapHAHT:
Ha xoopauHaTHoi miockoct OXy ykaxuTe:

a) TouKy, cummeTpuunyto Touke K;(-2;3) otHocuTensHO Touku M(0;1);
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b) Touky, cummerpuunyio Touke K(2;-5) OTHOCHUTEIBHO OMCCEKTPUCHI TIEPBOTO U TPETHETO
KOOPJMHATHBIX YTJIOB;

C) TOYKH, pacIoJI0KECHHbIC BHYTpHU IpsiMoyronbHuka ¢ Bepimnnamu A(-1;-3), B(-1;2), C(3;-
3), D(3;2).

d) TouKwH, JeKaIIKe B YSTPEPTOI YETBEPTH;

€) TOuKYy, JCIAIIYIO OTPe30K ¢ KoHnamu A(-2;7), B(4;-1) B oTHOmmIeHuH 2:3.

Kpurepun oueHuBanms:

Onenka O0ocHOBaHHE OLIEHNBAHUS

«OTINYIHO» Bce 3aganus BBIIOJIHEHBI IPABUIIHHO
«Xopomro» [TpaBuUIBEHO BBITIOJHEHHI JIIOOBIE 4 3aMaHUs
«Y IOBIETBOPUTEIILHOY [IpaBUIBEHO BBIMOIHEHHI JIFOOBIE 3 3adaHuUs
«HeynoBneTBOpUTENBHOY [IpaBUIIbHO BHITIOJIHEHO MeHee 3 3a1aHui

Ilpakmuueckasa paooma Nel7: Tpenasxcepovt no meme: Koopounamuot u éekmopbut 6
npocmpancmee

HCJII): 0Tpa60TKa HAaBBIKOB CJIOKCHHA U BEIYUTAHUS BCKTOPOB.
d)opMa OpraHM3aluu CTYJCHTOB Ha 3aHATHUH. (I)pOHTaJ'ILHaSI.

— =1
Meroandeckue ykasanus. s Toro 4To6sl coxkuts asa Bektropa AB H BC, nyxwno Bri6pats

E—
IMPOU3BOJIbHYIO TOYKY U OTJIOXKUTH OT HCC BCKTOPAB ( CTpOTO MO KJICTOYKAaM BCC CKOHHpOBaTB)

U 3aTe€M OT TOYKHU B 0TI0XUTH

- -

BCKTOP B C ( TAKXXC I10 KJICTOYKaM BCC CKOHI/IpOBaTL) , TOTIa BEKTOP !ﬂiC SABJIACTCA CYMMOﬁ

—_—
sextopoB AB+BC. 1o croxenne no npasuny tpeyronsauka.

B B C

Mpumep.

B | c
—e

[TpaBuio napanienorpaMmma.

AB+AC=AJ
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A ' BeiyumanHue 8EKMOPOS.
' r c | 7 E 1 T
A A — —_— _
J I N . a a+ (—=b)
a
>
1 BapuanT

1. Kakoe yTBep:k/ieHIEC HEBepHOeE?
1) JIroGbie 1Ba IPOTHBOMOIOKHO HANIPABIEHHBIX BEKTOPA KOJUIMHEAPHBI.
2) JIroOble 1Ba KOJUTMHEAPHBIX BEKTOpPA COHAIPABIICHEI.

3) JIroOble 1Ba paBHBIX BEKTOPA KOJTTUHEAPHBI.

N

BC =k -DK, AC =z-CD,

2. Jaaer Toukm A, B, C, D, K. MH3BecrHo, uTo

— — -
AK =x-AB +y-AC.

Torna HeBepHO, YToO. ..

1) Bce TOYKM JIeKaT B OJHON IIIOCKOCTH;
2) npsimble BC u DK napanniensHsl;

3) Touku A, C u D He nexat Ha 0IHOI MPSAMOIA.

3. Kakoe yTBepk/ieHIC HEBEPHOE?
1) JInuHBl IPOTUBOIOIOKHBIX BEKTOPOB HE MOT'YT OBITh HEPABHBI.
2) Ecnu yiiHBI BEKTOPOB HEPABHBI, TO U BEKTOPHI HEPABHBHI.
3) Ecnu ayimHBI BEKTOPOB PABHBI, TO U BEKTOPHI PABHBI.

- -
4. AB =k-CD, npuuéM Touku A, B u C He nexat Ha ogHoi npsmoil. [Ipsmeie AC u BDhe
MOLYT OBITb. ..
1) napamiensHbIMY;
2) nepeceKkaroIMMuUcs;

3) CKpenuBarOIIMMHUCS.
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5. ABCA1B1Cq — npasunpnas npusma. A1F = FB1, B{K = KCj.

Kakoe yTBep:keHie HeBepHOe?

ME R
<
A C
B
KF=-1ac,
1) 2
2) | AF|=|BK].
3) AF =BK.

6. ABCA1B1Cq — npaBunsnas npusma. CE = EC4, BF =FB{, FM =MB,, AD : DC=3: 1.

Kakoe yrBepxeHrne BepHoe?

A, B,
| M

C,
F

E
Ak-14- B

D

C

1y DM 1 EB.
2) FC T DM.

3 EB, T FC.

7. ABCDAB1C1D1 — mapannenenunen. AD = ...
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C

B,
|
A I
1 : D
|
B
J=pup— | _
i
i
A D
1) BB+ DG,
2) D.C~DC,~ DA+ BBy;
3 AB,— BC + BA—CC,.
8. BekTopsl AC,—AC-AC, | AA-CB+AB 4 aoren...

1) paBHBIMU;
2) IpOTUBOMOJIO0KHBIMH;

3) coHampaBJIEHHBIMH.

- -

9. DABC — Tterpasp. AC = AB - x -CD.

Torma X~ ...

1y DA
2) BE;
3) DB.
2 BapuaHT

1. Kakoe yTBepkeHIEC BepHOe?
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1) JIroOblc 1Ba COHAMpPABIEHHBIX BEKTOPA KOJUTHHEAPHBI.
2) JIroOble 1Ba KOJUTMHEAPHBIX BEKTOPA MPOTHUBOIIOJIOKHO HAIIPABIICHBI.

3) JItoObie 1Ba KOJUTMHEAPHBIX BEKTOpPA PABHBI.

2. Kakoe yTBepxeHre BepHoe?

Eem @ T4B BT C, o atic.

' TO

B @ 11D BT C, o atic,

' TO

- -

- - —
3) CYH_IGCTBYIOT BEKTOPLbI a, b n c TaKHu€, 4YTO a n c HC KOJUIMHCAPHBI,

- -

KOJUTHHEApHBl, a & u D kommmneapHsL.

3. Kakoe yTBepkieHC HEBEPHOE?
1) Eciu JuiMHBI BEKTOPOB PaBHBI, TO U BEKTOPHI PABHBI.
2) Ecnu BEKTOpBI paBHbI, TO UX JUTHHBI PaBHBI.

3) JlmuHBI IPOTUBONOJIOKHBIX BEKTOPOB PABHBI.

4 AB=k-CD,

BDsaBasiloTcs nmapayuiebHbIMU, €CIH. ..

Dk=1;
2) k=-1,
3)k=3.

- -
b yu C ue

npuuém Touku A, B u C He nexar Ha ogHou mpsmMou. Ilpsmeie AC u

5. ABCA1B1Cq — mpaumpnas mpusma. A{F = FB4q, B1E = ECq. Kakoe yrBepxnenue

HeBepHoe?
S NN
<
AR C
FE = ZCA.
1) 2
2) IFBI=|EC].
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3) FBIIEC.

6. FABCD — mpaBuibHas nupamuia. ACMBD =0, FE = EC, EN = NC, OP = PD. Kaxkoe

YTBEP)KJICHHC BepHOE?

1) AF 11 OE.
2) SE N I\TP.

3) NPT AF.

7. ABCA1B1Cq —mpu3ma. CA= .

1) AA + AB +B,C;
2) AA — AB -BC;

5 AA ~CA+BB,.

— —

8. Bextopsr - MN + MK —AK | DC-DA-NC

ABJIAIOTCH. ..
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1) IpOTHBOMOJIOKHBIMU;
2) paBHBIMU;

3) coHanpaBJICHHBIMU.

9. DABC — TeTpasp.
CD=x-DB-AC _

D

1) BA:;
2) AB:

3) BC.

Kputepun ouennBanus pa6orbi:
1. Ormetka "5" BeICTaBISETCS, €CIHM MPABUIHLHO BHITIOTHEHO 8-9 3amaHuii
2. Otmetka "4" BbICTaBIIsI€TCS, €CITU MPABUIBLHO BBITIOIHEHO 6-7 3a1aHuit
3. Ormertka "3" BBICTaBISETCS, €CIIU MPABUIILHO BBITIONIHEHO S5 33aJaHHUN
4

OtMmetka "2" BBICTABIIACTCS, €CTTU TPABHIHHO BBHIIOJHEHO MEHEE S5 3aaHui

Karoun k NpaBUJIbHBIM OTBE€TaAM:

No i/l

1 2 3 4 5 6 7 8 9
BapHAHT
1 2 1 3 3 3 3 2 2 3
2 1 2 1 1 3 1 2 1 2
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Ilpakmuueckasa paooma Nel8: Tpenascepvt no meme: Cxanapnoe npouszeeoenue
[lenb: oTpaboTKa HABBHIKOB PEUICHHS YIPA)KHEHUIN Ha BEKTOPBHI.

®dopma opraHu3aluy CTYICHTOB HA 3aHITHH: (PpOHTATLHAS.

Meroaunueckue yka3aHusl.

JI10601#i BEKTOP MOXKHO PA3JIOKUTh 110 0a3HCHBIM BEKTOpaM MpUUYEM

€IMHCTBEHHBIM 00Pa30M. d=x"+yj+zk , TIIE d{x;y; z} KOOPIMHATHI BEKTOPA.

Ecnu n3BecTHBI KOOpJAWHAThI TOYCK HAaYaJla U KOHIIA BEKTOPA, TO KaXKJAad KOOpAWHATa BEKTOpa
paBHa pa3HOCTU COOTBCTCTBYIOIIHUX KOOPAHUHAT €0 KOHIa U Ha4aJia.

A{x1i3"1i31) B(x3;y,: 23) A_B{xz — X4;Y2 — Y1iZ3 — Z4}
AlxX1 ¥ 21),C(xv:2) , B(x2; V2; 22)

_aty  _NTh L _Htn
2 2 2

Kaxna
s KOOpAMHATa CEepeIMHbI OTPE3Ka paBHA MOJYCYMME COOTBETCTBYIOLIUX KOOPAUHAT €r0 KOHLIOB.

I[JII/IHaBeKTopa&{x: y;z}ld| = \/xz +y%+ 22
CKaJsIpHOE TIPOU3BEEHUE BEKTOPOB d{x1;yy; 21} w blxz; ¥,; 22}

EE'E:XIIE +y1y2+2122

Yenosue neprenmukymspaocta & * b = 0

X1X, + M1Y2 + 212,

cos @ =

\/112 + 2+ 72 .\szz +y,2 + 2,2

Bapmuanr 1.
1. MMan xBagpatr ABCD. Haiinure yrosn mMexay BeKTOpaMu AC u DA.
2. Haiimure cKanspHOE MPOU3BEAECHHE d * b, eciu la| = 3, |I; | = 14,
(a’b)=60".
3. BbluncauTe CKalIIpHOE NPOU3BEIEHHE BEKTOPOB d * E eciau a{4; —2; 3}1_9){—1 ; —2; 5}
4. ABCDA:1B1C1D; - ky0, pedbpo kotoporo paBHo 1. Haiigure ckanspHOe Ipou3BeieHNe
BEKTOPOB El u BC.
5. Borumcnute yron Mexay npsambsiva AB u CD, eciur A(V3; 1; 0), C(0;2; 0),
B(0; 0; 2v2), D(V3; 1; 2v2).
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Bapmuanr 2.
1. Jlan kBagpat ABCD. Haitaure yron mexxay BeKTopaMu CAwu BC.
2. Haiimure cKanspHOE IPOU3BEAEHHE d * b, ecnu la| = 6, |E | =4,
(a'b)=120".
3. BrluncanTe CKaIsApHOE MPOU3BENECHHUE BEKTOPOB d * F, ecn df{2; —1; 3}5{—2 ; 2; 3}
4. ABCDA:1B1C1D; - ky0, pedpo kotoporo paBHo 1. Haiigure ckanspHoe mpousBeieHue
BekTOpoB BA; 1 CD.

5. Beruuciute yron mexay npsmbiva AB u CD, eciiu A(6; -4; 8), C(12 ;-6 ; 4),
B(8; -2; 4), D(14; —6; 2).

Bapuanr 3.
1. Han kBagpat ABCD. Haiiqute yros Mexmay BEKTOpaMu BD u CB.
2. Haiigure ckanspHoe MpousBeaeHue d * b, ecu ld| =8, |B | =5,
(@’b)= 150"

- N - - > 7 i > >
3. Beruucnure ckansipHOE MPOU3BEICHUE BEKTOPOB A * b, ecmu d = 21- 3] +kub =41 -].
4

. ABCDAB1C1D: - ky6, pebpo kotoporo paBHo 2. Haiinure ckaisipHOe MpOU3BEICHHE
BEKTOPOB ﬁl uDC.
5. Bserauciure yron mexay npsmbiva AB u CD, ecmn A(1;1;5),C(8;5;5),
B(4;7;5),D(5; —1;5).

Bapuanr 4.
1. Man xBagpatr ABCD. Haiinure yrosn Mmexay BeKTopamMu CAu BD.

— -
2. Haiigure cxansgpHoe npomssenenue d « b, ecmu |d| = 9, |b| = 16,

ab)=135".
3. BbluHCIHTE CKAIPHOE IPOU3BeIeHHe BeKTOPOB @ * b, ecim d = 57 -2 +4k u b = 47 -
2k.

4. ABCDA:1B1CiD: - kxy0, pedpo xoToporo paBHo 3. Haiigute ckanspHOe poHU3BeIeHUE
BEKTOPOB ﬁl u ﬁl
5. Beruucaute yroan mexay npsmbeiva AB u CD, eciiu A(-6; -15; 7), C(14 ; -10; 9),
B(-7; -15; 8), D(14; -10; 7).

Kpurepun onenuBanus:

Ouenka O0ocHOBaHME OLICHUBAHUS

«OTA4HO» Bce 3a1anus BBINOIHEHB! IPABUIILHO
«Xopomo» [IpaBHJIbHO BBINOJIHEHBI JIIO0BIE 4 3a1aHUS
«Y 1OBJIETBOPUTETILHOY [TpaBUIBHO BBHIMIOJIHEHBI JHOObIE 3 3a1aHUS
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«HeynoBneTBOPUTETBLHO [IpaBuiIbHO BBINIOJIHEHO MEHEE 3 3aJaHuid

Ilpakmuueckan paooma Nel9: Tpenasicepovt no meme: Yenot u epauiamenvHoe 06usHceHue
Llenp: oTpaboTKa HABBIKOB PEIICHUS YIPAXKHEHUNH HATPUTOHOMETPUUECKUE TOXKIECTBA
®dopma OpraHu3aluy CTyICHTOB HA 3aHITHU: UHIUBUAYaIbHAS.

Metoauueckue yka3zaHusl.

B reomerpuu yron onpesensercs Kak 4acTh IJIOCKOCTH, OTpaHUuYeHHast 1ByMs tydamu. [Tpu
TaKOM ONpeAesIeHUH noaydaroTcs yribl oT 0° 1o 180°. OxHako yroja MOXKHO paccCMaTpuUBaTh U

KaK Mepy MOBOPOTA. ITO OTHOILIEHUE MOXET ObITh BHIOPAHO XapaKTEPUCTUKON U MEPOi JAHHOTO

!
o= —_.
yria: R

Takast Mepa Ha3bIBacTCs PaIMaHHON MEPOU YIJIa U UCIIOJIb3YETCS HApaBHE C YIVIOBOW. [ 0BOPAT,

YTO YIroJI PaBEH OIPENIEIIEHHOMY YUCIy pajuaH. SICHO, 4TO yroJ B OJIUH paJiuaH OIUPAETCs Ha
JUIMHY AYTH OKPY’KHOCTH, PaBHYIO €€ pajiuycy.

O6o3HaueHue paguaHa — «pam.

VYron, rpagycsl 0° 30° 45° 60° |90° 180° |270° 360°

3

T T T
VYron, paaguanbl 0o & 4 3 2 I1 2 21

Kak HU3BCCTHO, KOOPAWHATHBIC OCH ACIIAT OKPYKHOCTb HAa YETBIPEC AYTI'H,

KOTOPBIC HA3bIBAOT YCTBCPTAMU.

3HayeHus

0° | 30° 45° 60° 90° 180° 270° 360°
n m m = 3n
Oyukmus 0° | & 4 3 2 m 2 .
11
sin o 0 |= \E 2 1 0 -1 0
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Bl T
cos o 112 22 o a4 o 1
€
tg a O\El \E—O — 0
€
ctg a —\El VEO— 0 — I

OKpy’KHOCTb €JUHUYHOIO pajuyca ¢ LIEHTPOM B Hayalle KOOPAUHAT HA3bIBACTCS
TPUTOHOMETPUYECKON OKPYKHOCTBIO.

[lockoJIbKY CMHYC IO OIPEJEIIEHNIO PAaBEH OPAMHATE TOUKU
YeTBEPTAM y chiy pel p P
Ha €IMHUYHON OKPYXHOCTH, a KOCUHYC — a0cuucce, TO
3HAKU TPUTOHOMETPUUECKUX (YHKIUI 110 YETBEPTIM Oyoym
maxkumu:
I I i1\
sin a + ot - -
coso. t - - +
tg o + — + _
ctg o + — + _
1 Bapuanr:

1. TlepeBeaute U3 rpagyCcHON MepHI yIiia B paHaHHYO:
150°%; 209°: 205°: 340°; 235°

2. TlepeBenure U3 pagriaHHON MEpHI yIiia B TPaJyCHYIO:
107 2z, 1lr. 397 4z
6' 4 6 10 9.
3. Omnpenenute 4eTBEPTh, B KOTOPOH JISKHUT JaHHBIH yro:
—800°; 2000°; ﬁ; —z—ﬂ; ﬁ
8 5 5

2 BapHMAaHT:
1. TlepeBeaute U3 rpagyCcHON MepHI yIiia B paHaHHYIO:
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230°%;, 160°; 330°; 215°; 360°

2. llepeBeaute 13 paAMaHHOI MEpPHI yria B IPalyCHYIO:

Ur, 3. 57, 2lr, Tr
12° 8" 8 11 6.
3. Ompenenure 4eTBEPTh, B KOTOPOH JISKUT JaHHBIA yTOJ:
760°; —1900°; 13—ﬂ; 3—ﬂ; _Lem
6 7 13

Kpurtepuu oneHnBanus:

Onenka O0ocHOBaHHNE OLICHUBAHUSA
«OTIUYHO» JlommyieHa oiHa OmMOKa B OJTHOM U3 ITYHKTOB
«Xopo1o» [TpaBunsHO BhIMOMHEHHI Jt0OBIE 11-13 3amanus

«Y 1OBIETBOPUTEIIBHO)

[IpaBWIbHO BBIMOTHEHBI JT0OBIC 7-10 3a1anus

((Hey,I[OBJICTBopI/ITCJ'IBHO>)

HpaBI/IJIBHO BBIIIOJIHEHO MeHee 7 BaHaHI/Iﬁ

Ilpakmuueckasa paooma Ne20 Tpenaycepvt no meme: Tpuzonomempuueckue onepayuu
d)opMa opraHu3anuu CTYACHTOB Ha 3aHATUM. (I)pOHTaJ'ILHaSI.

Meroanueckue ykazaHusl.

I sin(a + ) = sinacosf + cosasinf

Il.sin2a = 2sina cosa

n. sin(fa — ) = sina cosff — cosasinf

Iv.cos(a + ) = cosacosff —sinasinf

V.cos 2a = cos? « —sin? «

vl.cos(a — ff) = cosacosf + sinasinf

tga+tgf

tgla+ ) =
VII. J( '[) 1-tga-tgp
2tga

tgl2a =

VIIL. 1-tg*a

tg(a - p) = 7=

IX 1+tga-tgp

[TPIMEP Nel.

sin2a _ 2sinacosa _ sina _

2cosloc

YIpoCTUTE BBIpAXKEHUE 1+cos 2a



[TPUMEP Ne2

Breruncnure

W2tgy  aZtgr - -
_ _ T, one2® — 5.
Trig?t T 21,*21‘978 cos“ < 2V 2

2n
COE 8

m V2
=ﬁ-sin1=ﬁ-?=1

1 BapuanT

1. HaiiTu 3HaueHue BBIPAKCHUS:
a) €0s107%cos17% sin107°sin17°;
6) cos 36%cos 24°- sin 36%sin 24,
B) sin 63% cos 27%+c0s63%sin 27°;
r) sin51% cos 21°%cos 51%sin 21°.
2. Boruucinure6
a)sin(—g);
O)tg(-);
B)C0s240°;
r)ctg315°;
n)sin 4—n;
3
e)tg%”;
x)sin 690°;
3)tg660°;

2 BapuaHT
1. HaiiguTe 3HaueHUE BBIPAKECHUS:
a) sin 63% cos 27%+c0s63°%sin 27°;
6) sin51°% cos 21°%cos 51%sin 21°.

51 3T . 5m . 3m
B) COS—-COS—+ SIN—SIn—;
8 8 8 8
T T . T . T
r) COS—:C0S—-Sin—-sin—.
12 4 12 4
2. Broramcnuts:
a)cos(-);
o)ctg(-):
B)sin330°;
r)tg150°;
H)Ctgzgn;
7T
e)cos?;
x)sin 1020°;
3)ctg390°;

sint-cas
g

CQSE
8

2

i
a . w m
g = \-'E'ZSII]EL‘DSE=
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Kpurepun onenuBanus:

Onenka O0ocHOBaHHNE OLICHUBAHUSA
«OTANYHO» JomnyiieHa o1Ha o1MOKa B OJJHOM U3 ITYHKTOB
«Xopo1Io» [IpaBusbHO BEITIOJHEHHI JIFOOBIE 8-10 3amanuit

«Y 10BIETBOPUTEIILHO)

[TpaBWIIBHO BBITIOIHEHEI JIFOOBIC 5-7 3aaHMs

«HCy,I[OBJ'IGTBOpI/ITeJ'ILHO»

[IpaBuiIbHO BBITIOJIHEHO MEHEE S 3aJaHui

Ilpakmuueckasa paooma Ne21 Tpenascepvt no meme: Ilpeoopazosanue
MPUZOHOMEMPUUECKUX GbIPANCEHUT

I_[eJ'IB: OTpa6OTKa HAaBBIKOB PCIICHUS ynpaxcHeHHﬁ HAaTPpUTOHOMCECTPHUUYCCKHEC TOXKACCTBA.

d)opMa OpraHM3alnuu CTYACHTOB Ha 3aHATUM. HHIWBUAYyallbHAas.

Meroaunueckue yka3aHusl.

| sin(a + ) = sinacosf + cosasinfs

Il.sin 2a = 2sina cosa

n. sin(fa — B) = sina cosff — cosasinf

Iv.cos(a + ) = cosacosff —sinasinf

V.cos2a = cos? « —sin? «

vl. cos(a — ff) = cosacosf + sinasinf

Vil tgla+pB) =

2tga

tg2a = ———
VIII. g 1-tg*a

tga+tgf
1-tga-tgp

tg(a - p) = 7=

IX 1+tga-tgp
[TPUMEP Nel.

sinZa _2 sina-cosa _ sina = tga
YIpOoCTUTE BBIpaXKEHUE 1+cos2a 2cos?ec cosa
[TPUMEP Ne2
Beruucnure
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2Ztgt  2Ztgh r T sins-cos?s - -
8 — 8 = 242tg—-cos?—=22———2 =2 2sin-cos—-=
1+!.,ng 1 V2 935 8 V2 ::05% V2 8 8

2
CO8 B

2
=ﬁ~sin£=~u‘r§-£=1
4 2

1 BapuanT

1. YmpocTuTe BBIpaKEHUS:
a) 5sin® o —0,61+5cos’a.
cosx—l_ cos X +1
sin x sinx
1-sinx COS X
c) - .
COS X 1+sinX
d) tg®a:(1-cos®a).

2. Bemauciure:

b)

. T . T
a) sin0+cos—+sin®~.
2 4

b) 3sinZ+2cosx+ctg?~.
6 6

3. Haiiaure 3HaueHne qpyrux TpeX OCHOBHBIX TPUTOHOMETPUUYECKUX (QYHKIIUHN, €CITH:

2 BapuaHT
1. VYmopocrtute BeIpakeHUs:

a) 3cos’a—6+3sin’ a.

b) sinx—1 sin x+1'
COSX  COSX

0 1+cosx  sinx .
sinx  1-cosx

d) ctg’a:(@1-sin® ).

2. Beruucnure:

a) 6sinZ—2cos0—tg°Z.
6 3

T T Vs
b) 3tg = —sin® = +cos® .
4 3 6
3. Haiiaure 3HaUeHNs IPYTUX TPEX OCHOBHBIX TPUTOHOMETPHUYECKUX (DYHKIIHIA, €CITH:
T

. 2
Siha=—, 0<a=<—.
3 2

Kpurepun ouennBanus:



Onenka

Oo0ocHOBaHHNE OLIECHUBAHUSA

«OTInYHO»

Bce 3aIaHus BBIIIOJIHCHBI IIPAaBUJIBHO

«Xopo1o»

[TpaBUIBHO BBIMOJIHEHHI JIIOOBIE 5-6 3aMaHus

«YILOBJ'IGTBOPI/ITGJ'IBHO»

[TpaBuIBHO BBITIOJIHEHHI JIOOBIE 3-4 3aMaHus

«HeynoBneTBOpUTEILHO»

[IpaBUNIBbHO BBHINOJHEHO MEHEE 3 3a/IaHU

Ilpakmuueckasa paooma Ne22 Tpenaycepvt no meme: Tpuzonomempuueckue ghynkyuu

TpuroHomeTpuueckue (PyHKIHH

1

APaS 7

x
R 4 3= 2n
NS

3

Y
| 1T I] il 'lli | T
! | ' | H 1 . d

*. T T
| 1 | 1 | |
SRV IREA
- SR By T e ot
| Lox 42 2 2 | el
i : I 1 0 | H 1| X
- —§- R -4 m— e —t
| I : 1 | 1

1 oo H——

1 I | P |

+ + -4 + +—

| | | 1 I

1 i o il

1 BapuanT

y—iLgx

[TocTpoiitTe B 0HOM crcTeMe KOOpAUHAT Clieayroniue rpaduku ¢yHKIIHMA:

y =sinx
y=sinx—2
a) y=sinx+2
y =2sin X
yzlﬂnx
2
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T
COSX, Xe [EH_OOJ

b) y=

T
ctgx, 0:—
o xe(0f]

2 BapuaHT

ITocTpoiiTe B 0HOM cUCTEME KOOPAMHAT CISAYIOIIe rpadhuKu () yHKITHA:

y = COS X
y =Cc0sXx—3
a) y=Ccosx+3
y = 3C0S X
yzlcosx
3

sinx, X e (—o;0]

b) y= tgx, X€|:0;%j

Kpurepun oueHuBanmsi:

Onenka O0ocHOBaHNE OLICHUBAHUSA
«OTInyHO» Bce 3aganus BBINIOJIHEHBI IPABUIIBHO
«Xopormio» JlomyiieHa ojHa He 3HAUUTENIbHAS OIIMOKA MTPU MOCTPOCHUU

OJIHOTO Tpaduka

«y,Z[OBJ'IeTBOpI/ITCJ'IBHO»

JonymieHo He 6oee AByX OIMOOK MPU MOCTPOSHUH TpadHKOB

«HeynoBiaeTBOpUTEIBHO»

Jonyieno Oosiee ABYX OLIMOOK MPH MOCTPOSHUH IrpapuKoB

Ilpakmuueckasa paooma Ne23 Tpenayncepvt no meme: Tpuzonomempuueckue ypasnenus

lIeJlb: ompaﬁomka HaesbIKO6pEeUIeHUA ynpaofcneuuﬁ HampuzoHomempuuecKue ypacHenu.

QOPMll op2aHuzauuu cmydenmoe Ha 3anamuu. qbponmanbnaﬂ.

Memoouueckue ykazanusi.

Dopmyna

npumepul
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SINX = A, ne umeem pewrenui npu|3| >1
u umeem OecKoHeuHoe

MHOIHCECME0 peuteHUll npu lal <1
Komopble Haxo0amcs no opmyine

Xx=(—1)"-arcsina + mn, nez

1) sinx = 1,2
He umeem pewenusn

2)

LOS & = &, ne umeem peuienuil npu
lal > 1y umeem Gecroneunoe

MHOMHCECME0 PeUleHUTl npu lal <1
KOmopbwle Haxo00amcs no gopmyine

X = Tarccosa + 2mn, nez

1)cosx = —1,01

He umeem pewenusn

LX = @ yyeem pewenue npu n1060m
OelicmeumenbHoM 3HAYEHUU A, OHO
Haxooumcs no gopmyne

X = arctga + nmn,nez
arctg(—a) = —arctga
arcctg(—a) = m — arcctga

tgx =1
T

X =—++ 1N, nez
4

1 Bapuant

1. Haiinute 3HaueHHE BBIpAXKEHUS:

J3

2
2-arcsin — + 3-arccos| — —
2 2
2. Pemmre ypaBHeHue
1) cos (Zx + Zj = 1
6 2

2)2-tg*x—tgx-3=0
3)sin3x-sin5x =0

3. Pemmre Hep aBeHCTBO :
. 3
sSInX > -—
2

2 BapuaHT

1. Haiinure 3Hau€HNE BHIPAXKEHUS:
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4 -arccos % +2-arcsin(-1)

2. Pemmre ypaBHeHue:

1) tg(3x-%}=-1

2) 3sin’x —5sinx-2=0
3)cos x +cosbx =0

3. Pemnre Hep aBeHCTBO

J2

sinx < —
2
3 BapuaHT

1. HaliquTe 3HaueHNEe BBIPAKCHHUS:

4. arcsin[— %j +3-arctg (— \/§)
2. Pemure yp aBHEHUE

1) cos[Zx - %) =0

2)tg°x —tgx —12=0
3)/3-sinx—cosx =0

3. Pemmure HEp aBEHCTBO :

3
COS X < ——
2

4 BapuaHT
1. Haiinure 3Ha4eHNE BBIPAXKECHUS:

6- arcsin[— %) +3- arctg(— %J

2. Pemmre ypaBHeHue :

1)sin (§+ ﬂj = —ﬁ
2 2

2)6-c0s* Xx+7-cos Xx—3=0

3)tg*x—tg x=0

3. Pemmre Hep aBeHCTBO :

tgx<-1

Kpurepun onenuBanus:

Onenka Oo0ocHOBaHME OLICHUBAHUSA

«OTIHIHO» Bce 3agaHus BEIIOIHEHBI IIpaBUJILHO
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«Xopo1Io» [TpaBuUIBHO BBIMIOTHEHHI JIIOOBIE 4-5 3aMaHus

«Y IOBJIETBOPUTEIBHO [IpaBUIBHO BBINOJHEHBI JIFOOBIE 3 3adaHUs

«HeynoBneTBOPUTEILHO» [IpaBuiIbHO BBINIOJIHEHO MEHEE 3 3aJaHuid

Ilpakmuueckan paooma No24 Tpenasicepvt no meme: Cxema uccieoosanusn yukyuu

ANropuTM MOJSy4eHUs: HEOOXOAUMBIX JTAaHHBIX.

1.Haxosxnenue o6jacTu onpeneseHus: GyHkuuu

OnpezneneHyue UHTEPBAJIOB, HA KOTOPBIX (PYHKIUS CYILIECTBYET.

2.Hyan pynkuuu

Jlnis BeluMcneHus Hyiae GyHKIM, He00X0IMMO IPUPABHATH 33JaHHYI0 (QYHKIHUIO K HYJIIO U
pemuTh nostyueHHoe ypaBHeHue. Ha rpaduke 3To Touku nepeceyenust ¢ ocbro OX.
3.YeTHOCTb, HEYETHOCTH (PyHKIIMHU

Oyukuus yetHas, ecnu y(-X) = Y(X). @yHkuus vederHas, eciu y(-X) = -y(X). Ecnu dpyskims
yeTHas — rpa@uk QYHKIIUU CUMMETpUYeH OTHOCUTeNbHO ocu opauHat (OY). Ecnu dynkuus
HeueTHas — rpaduk QYHKIIMA CHMMETPUYCH OTHOCUTEIBHO Hayajia KOOPAHHAT.
4.IIpoMeKyTKHM 3HAKOIIOCTOSTHCTBA

PaccranoBka 3HaKOB Ha Ka)/10M U3 UHTEPBAJIOB 00J1acTH onpenenaeHus. OyHKIusA
NOJIOKHUTEIbHA Ha UHTEepBale - rpaduK pacroiokeH Bblile ocu adciuce. OyHKIus
OTpULaTeNIbHA - Tpa(UK HIKE OCH a0CIIHCC.

S. IIpomexyTkH BO3pacTaHus U yObIBaHUs (PyHKIMH.

[l onpenenenys BEIYKACISAEM MIEPBYIO TPOU3BOJHYIO, IPUPABHUBAEM €€ K HYIH0. [lomydyeHHble
HYJIM U TOUYKH 00JIaCTH OIpe/IesIeHUs] BBIHOCUM Ha YHCJIOBYIO MpsAMYI0. J{Js KaK0ro HHTEepBasa

ornpezesnseM 3Hak npou3BoHOM. [IponsBoiHas nongoxuTenbHa - rpaduk QyHKIMK BO3pacTaerT,

OoTpUunareiibHa - Y6BIBaeT.
6. BbIHyKJIOCTb, BOIHYTOCTb.

Brruncnsem BTOPYIO IPOU3BOAHYIO. Haxoaum 3HAYCHUS, B KOTOPBIX BTOPAsA IIPOU3BOJHAA PABHA

HYJIIO WIM HE CyLIeCTBYeT. Bropas mpou3BogHas MOJI0XKUTENbHA - Tpa@uK (QYHKIIUH BBITYKI
BBepX. OTpHiaTenbHa - rpapuK GYHKIUU BBITYKI BHU3.
7. HakJIOHHBIE aCHMIITOTHI.

1 eéapuanm

1. TlpoBenuTte 1o obuIei cxeme rccaenoBaHue GyHKIUU U TOCTPONTE ee rpaduk
y=x?—4x+1

2. Tlocrpoiite rpaduk ¢pyukiuu f, eciiu U3BeCTHBI €€ CBOWCTBA:

1) Oo6nacte onpenenenus: [- 6; 6], obmacts 3HadeHuii: [- 2; 5]
2) Touku nepecedyeHus rpaduka ¢ ocbto Ox : A (-4; 0), B (-2; 0)
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3) Touku nepeceuenus rpaduka c ocsto Qy: C (0; 2,5)

4) TIpomexytku 3HakomoctostHeTBa T (x) > 0: [-6; -4), (-2; 6]; f (x) <0: (-4; -2)
5) IIpomexytku éo3pacmanus: [-3; 1], [4; 6]; yovieanus: [-6; -3], [1; 4]

6) Xmax =1, f (1) =3; Xmin=-3, f(-3) =- 2; Xmin = 4, (4) =1

7) JHononnurenbhbie Touku rpaduka f (-6) =3, f(6) =5

2 eapuanm

1. TIpoBemute 1o oOIIEH cxeMe ucciaeaoBaHue GYHKIMH U IIOCTPOUTE ee rpaduk
y=—x?+3x-2

2. ITocrpoiite rpaduk ¢pyHkiwu f, eciu n3BeCTHBI €€ CBOMCTBA:

1) Oo6nacte onpenenenus: [- 5; 4], obnacts 3Hayenuii: [0; 6]

2) Touku nepeceueHus rpaduka ¢ ocbio Ox : O (0; 0)

3) Touku nepeceuenus rpaduka ¢ ocbio Oy: C (0; 2,5)

4) TIpomexytku 3HakonocrosiHcTsa f (x) > 0: [-5; 0), (0; 4]

5) Ipomexytku éo3pacmanusn: [-5; -2], [0; 4]; yovieanusn: [-2; 0]
6) Xmax = - 2, f ('2) = 2, Xmin = 0, f (O) =0

7) JomnomuurensHbie Touku rpaduka f (-5) = 0,5, (4) =6

Kpurepun onenuBanus:

Onenka Oo6ocHoBaHNE OLICHNBAHHSA

«OTIUIHO» Bce 3amanus BBIMOIHEHBI TPAaBUIBHO, JOMYILIEHA OIINOKA Py
BemonHeHUH Nel u Ne2 He Gosiee 4eM B OJJHOM ITyHKTE

«Xopo1o» Jonymena omun6ka npu BeinoaHeHu: Nel u Ne2 He Oosiee ueM B
TpeX MyHKTax

«Y IOBIETBOPUTEIIBHO» [IpaBriIbHO BBINOIHEHHI JIOOBIE | 3a1aHud

«Hey,Z[OBJ'IeTBOpI/ITCHBHO» He BBIIIOIHEHO HU OJIHO 3aJjaHUE

Ilpakmuueckasa paooma Ne25 Tpenascepvt no meme: Ilpeoopazosanue pynkuyuii u oeiicmeus
Hao0 HuUMu

[TpeoOpa3zoBanue rpaukoB GyHKIUI
B 701 cTaThe s MO3HAKOMIIIO Bac ¢ JIMHEHMHBIMU MpeoOpa3zoBaHUSAMU TpaduKoB QYHKIUI U

TMOKaXYy, KaK C TIOMOIIBIO0 9THX npeobpasoBanuii u3 rpaduka Gpynximuu ¥ = V+ momyuuts

b=
rpaduk GyHKIHH
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. y=f(x) .
JIuHeilHbIM npeodpa3oBaHueM PyHKIMH y=f(x) Ha3bIBaeTCs Mpeodpa3zoBaHue cCaMou

— A F Ly h
(GyHKUMM W/ NN ee AapryMeHTa K BUILY y=Af (kr+b)+D

cojep:kaiiee MOIYJb apryMeHTa u/uiau QyHKIMH.
HawuOomnpIme 3aTpyIHEHHSI TPH TOCTPOSHUH TPAPUKOB C TOMOIIBIO JIMHEHHBIX ITPeoOpa3oBaHuit
BBI3BIBAIOT CIICAYIOIINE ICHCTBUS:
1. Brerunenenue 6a30Bol (HyHKIHH, COOCTBEHHO, Tpad)UK KOTOPOI MBI U MPE0OPa30OBHIBACM.
2. OmnpeneneHus MopsiKa Mpeodpa3oBaHUMA.
MMeHHO Ha 3TUX MOMEHTaX Mbl M OCTaHOBHMCS TIOJpOOHEe.

PaccMoTpuM BHUMATENIBHO (YHKITHIO
1
—r+2
2

, 4 TaKKe Mpeodpa3oBaHue,

y=12-3

(= . .
B ee ocHOBE NeXUT QyHKIHSA Flz)=y . HazoseMm ee 6a30B0ii pyHKumei.

y=|2-3
[Tpu moctpoennu rpaduka GyHKIIH

—_—

MBI COBEpILIAEM MPEOOPA30BAHUS
. flo)=yx
rpacduka 6azoBoit pynkuuu ¢ 7/ :
y=|2-3

Ecnu 661 MBI coBepiianu npeodpazoBanus GyHKIIUU B TOM K€ MOPSAKE
, B KAKOM HaXOJIWJIU €€ 3HAaUCHUE TMPU OMPEICTIEHHOM 3HAU€HUU apTyMEHTa, TO

e CHayaJia MbI OBl HAIIUIM 3HAYCHHUE BBIPAKEHUS, CTOSIIIETO 10T 3HAKOM KOPHSI:
1
—r42
2

g(r)
O003Ha4YNM 3TO BBIpAXKEHUE . HazoBem npeoOpa3oBanue
BHYTPEHHUM NpeoOpa3oBaHUEM, UIU NMPeodpa3oBaHHeM apryMeHTa.

g(z)

. (=T .
e 3areM MbI OBl HAIIUIK 3HAUYEHHE 0a30BOM (QYHKIMU flz)=y B 3TOU

rouxe: 4 (9(F) )=V a ()
. _.r,r="3-.‘§.f'{_{,l[:r: ‘}‘
e IIOCJIE 3TOT'0 MbI ObI COBEPLIMIIN NTPeodpa3oBaHue caMoil (PyHKIUH: S
HazoBeM ero BHemHUM Mpeodbpa3oBaHreM, WK Mpeodpa3oBanueM (PyHKIMH.
PaccMoTpuM kakue BUJIbI TMHEHHBIX TPe0Opa3oBaHuil apryMeHTa U (QyHKIMH CYIIECTBYIOT, U
KaK MX BBITIOJTHSTD.
IIpeodpa3oBanus aprymenra.

1. f(x) ™ f(x+b)

1. Crponm rpaduk dyrrmm ¥~ flz)

Y ol A |
2. Caiuraem rpaduk dynuun ¥ = fx) Bj101b ocu OX Ha |b| equnun
o BJIEBO, eclik b>0
° BIIpaBo, eciu b<(
[octponm rpaduk dyskmmm ¥ = y -2
1. Ctpoum rpaduk GyHKIHN Y=\

2. CnBuraem ero Ha 2 €IUHUIIBI BIIPABO:
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2. f(x) = f(kx)

1. Ctpoum rpadux QyHuu y=1r(= )
2. Abcuuccsl Touek rpapuka y=f(z) JIJIUM Ha K, OpIMHAThI TOUYEK OCTaBJIsieM 0e3
WU3MEHEHUM.

5

[octpoum rpaduk pyuxkmun ¥ =
—J/r
1. Ctpoum rpadux pynkuun ¥ = V-
/2

2. Bee a6enmcckl Touek rpaduka Y = V =T nemum Ha 2, opAuHATHI 0cTaBIsAeM 0€3 H3MEHEHHIA:

el

3.f(x) ™ f(-x)

1. Ctpoum rpadux GyHuuu y=f(z )
2. OTobpakaeM ero CMMMETPHUYHO OTHOCUTENbHO ocH OY.

[octpoum rpaduk pynxmuu Y= V=T

— S
1. Ctpoum rpaduk dpynxrum ¥ = V-
2. Oro0OpakaeM €ro CHMMETPHYHO OTHOCUTENBHO och OY:

4. f(x) 7 f(Ix))
1. Ctpoum rpadux GyHKIUU

y=r(r)
2. Yacts rpaduka, pacmnonoxeHnyto jgesee ocu OY ctupaem, 4acTh rpaduka, pacroloKeHHYO
npasee ocu OY JlocTpanmBaeM CHMMETPUYHO OTHOCUTENBHO ocu OY':



I'paduk Gyukimun ¥ = V|

BBITJIAAUT TaK:

[TocTpoum rpaduk GyHKIUN

Y=/ |:::|+E

—./ _
1. Crpoum rpadux ¢pyaxmun 4 = V - +2 (310 rpadux ¢pynxuun ¥ = VL | cmenennslit B1omb

ocu OX na 2 CIIMHHUIIBI VBJ'IGBO)Z ,

-

[

-2

on——
-

S
I~
ro L

-2

on——

3. Hactb rpaduxa, pacnonoxxeHHyto npasee ocu OY (x>0) qoctpauBaeM CUMMETPUYHO

otHocurebHo ocu OY':

2]

Baskno! /IBa riiaBHbIX IpaBHJIAa IPe00pPa30BaHMUs aPryMeHTA.
1. Bce nmpeobpa3zoBaHus apryMeHTa CoBepIaroTcs Baosb ocu OX
2. Bce mpeobpa3oBaHus apryMeHTa coBepiuatoTcsi "Hao0opoT" u "B 0OpaTHOM mopsiike'.
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Hanpumep, B pyrxiun ¥ = V |z |4
1. bepeM Moaynb OT X.

2. K moaynro x mpubaBisieM 4ucio 2.

Ho noctpoenue rpaduka Mbl coBepIiagu B 00paTHOM HOPSAKE:

CHayana BBIIOJIHUWIN TpeoOpa3oBaHue 2. - CMeCTWIM IpaduK Ha 2 eJMHULBI BJIEBO (TO €CTh
a0CITUCCHI TOYCK YMEHBIITHIIH Ha 2, Kak Obl "HaoO0opoT")

3arem BbmonHUIK npeodpasosanue f(X) — f(|x|).

KopoTko nocienoBaTeIbHOCTh MPeoOpa30BaHMiA 3aMCHIBACTCS TAK:

]

MOCTIeI0BATEIbHOCTD MTPe0Opa30BaHUI apryMEHTa TaKas:

[TocnenoBaTenbHOCTE ACHCTBHH ITocnenoBarensHOCTE Npeobpa3oBaHmit

1. x| 2. Yacts rpadmka, tae x<0 cTupaem, acTh
rpa¢wuka, rae x>0 rocTpanBaeM CHMMETPUYIHO
oTHOcHTeNsHO ock OY

2. |x[+2 1. CMemaem rpaduk Ha 2 €IMHUIIBI BIE€BO B0
ocu OX

Teneps moroBopum o npeodpazoBanuu pyHkuuu. [IpeodpasoBanusi coBepiiaroTCs
1. Bmons ocu OY.
2. B TO}#1 5x€ TOCIIe10BaTeIbHOCTH, B KAKOW BBIITOIHSIOTCS IEHCTBHUS.
Bort 3tn npeobpazoBanus:
1. f(x)~ f(x)+D
1. Ctpoum rpaduk ¢pynkuun y=f(x)
2. Cwmemraem ero Baoib ocu OY Ha |D| equnuig

e BBepX, ecinu D>0

e BHHU3, ecinu D<0

N

Hoctpoum rpaduk ¢pyrxum ¥ =V F Ha
1. Crponm rpaduk dpyrxuuu ¥ = V F
2. CmemaeM ero Baonb ock OY Ha 2 eIMHHIBI BBEPX:

2. f(x) ™ Af(x)
1. Ctpoum rpadux pynkumnn y=f(x)
2. OpauHAaTh BceX TOUYEK rpaduka yMHOXKaeM Ha A, aOCIIMCChI OCcTaBisieM 0e3 U3MEHEHU.

[Toctpoum rpadux GyHKIMH y=2 Vo

1. TToctpoum rpapuk Gpysxuuu ¥ = o
2. OpauHatel Bcex Touek rpauka yMHOKHUM Ha 2:
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3. f(x)™ -f(x)
1. Ctpoum rpaduk Gyakmuu y=f(x)
2. OtobpakaeM ero CHMMETPUYHO OTHOCUTENHHO ocu OX.

—
[octpoum rpadux ynxmun ¥ =~V T

—.Jr
1. Ctpoum rpadux dpynxmmu ¥ = V=&
2. OTo0OpaxxaeM €ro CHMMETPUYHO OTHOCUTENEHO ocu OX.

YRS |
— g
T = =T
- -
LAl ! "" ! !
-
-
=l /r
f i i i ) 7 21 T é I T f 1I0 f f
/
=T \
T ' y=x ‘\
—44-

4.1() 7 [f(x)]

1. Crpoum rpaduk dpynkuuu y=f(x)

2. Yactb rpaduka, pacrnosnoxeHHyo Boiie ocu OX ocrapisieM 6e3 H3MEHEHU, yacTh rpaduka,
pacronioskeHHYyI0 Hike ocu OX, oToOpakaeM CUMMETPHUYHO OTHOCUTEIIBHO 3TON OCH.

I
Ioctpoum rpaduk GyHKuE | V-2 |

—
1. Ctpoum rpaduk ¢pyaxrmm ¥ = V =+ 2 on MOJIy4aeTcsl CMellleHueM rpaguka GyHKIuu

Y=V gnone ocu OY Ha 2 eTHHUIIBI BHU3:
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2. Tenieps yacTh rpaduka, pacronoxeHnyto Hmwke ocu OX, 0ToOpa3uM CUMMETPUYHO
OTHOCHUTEJIBHO 3TOU OCH:

&

U nocnenunee npeodpa3oBaHue, KOTOPOE, CTPOTrO FOBOPS, HEJIB3s Ha3BaTh MPEOOpPa30BaHUEM
(GYyHKINH, TOCKOJIBKY PE3YNIbTaT 3TOT0 Mpeodpa3oBanus GyHKIHUEH yKe HE SIBISCTCS:

— — —
y=f(x) 7 lyl|=f(x)
1. Ctpoum rpadux Gpynkuun y=f(x)
2. Yactb rpaduka, pacronoxeHHyro Hike ocu OX cTupaem, 3aTeM 4acTb rpaduka,
pacroyio’keHHyto Bblie ocu OX 1ocTpanBaeM CUMMETPUYHO OTHOCUTENIBHO ATOH OCH.

Sy
IMocTpouM rpaguK ypaBHEHHs y|= x-2
Y
1. Crpoum rpaduk dpyukuuu Y= V= E_:
2__
Al I
— S il N Y S S
0 2 _- g 10
T =% y=yx-2
e
2. Yacts rpaduka, pacnosoxennyro Huke ocu OX ctupaem:
21
Al ez
S S S S S S S o it L (A S S —
0 2 5 10
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3. Hactb rpaduka, pacrnosiokeHHYIo Bbiiie ocu OX 1ocTpanBaeM CUMMETPUYHO OTHOCUTEIBHO

STOU OCH.

yl=/x-2

24,

-4

1 BapuanT

[Toctpouts rpaduku GyHKINII:
flx)=—(x+3)+5
flx]=+x=5

flxl=vx+2=3 y ppmonuuts HCCIIeI0BaHNE, HANTHU:
1) obnacts onpenenenus GyHKINU;

2) obnacTh 3HaYCHHS (DYHKIIHH;

3) TOUKM IepecedeHus ¢ OCSIMU KOOP/IMHAT;

4) IpoMeXyTKH BO3pacTaHus ()yHKIIHH;

5) npomexxyTKu yObIBaHUS (YHKITUH;

6) 3HaueHMs X, MpH KOTopbIX f(x) > 0 u f(x) <0;

2 BapMaHT

[Toctpouts rpadukn GyHKIMIA:
flx)=—(x—4)+2

Flx)=x+3

flx]=Vx=243 y ppmonmuts HCCleq0BaHue, HAlTH:
1) obnacTb onpeaeneHus GyHKINH;

2) obnacth 3HaueHUs QYHKIUY;

3) TOUKM IepecedeHus ¢ OCSIMU KOOP/IMHAT;

4) npoMeXyTKH BO3pacTaHus QyHKIINH;

5) npoMexyTKu yOBbIBaHUS (QYHKIIUY;

6) 3Ha4yeHus X, npu KoTopsix f(x) >0 u f(x) <0;

Kpurepun onenuBanus:

Ouenka O0ocHOBaHME OLICHUBAHUS

«OTA4HO» Bce 3a1anus BBINOIHEHBI IPABUIILHO
«Xopomo» [IpaBHJIbHO BBINOJIHEHBI JIIOOBIE 2 3a/1aHUS
«Y 1OBJIETBOPUTETILHO) [TpaBuIBHO BBIMIOTHEHO Jt000E 1 3amanue
«HeynoBneTBopuTenbHO» He BbInonHeHo HU OJJHO 3ajaHUE
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Ipakmuueckan paooma Ne26 Tpenaoicepovt no meme: Ilapannenenuneowst u npuzmol

IIpusma. Buabl npusm.

MHOrorpaHHuK, COCTaBJI€HHBIN U3 IByX PAaBHBIX MHOTOYTOJIBHUKOB A1 A2 A3, Anu
B1B2 Bs...Bn, pacnonioxxeHHbIX B apaJuIeIbHbIX IJIOCKOCTSX, U N apaJlIeIOrPaMMOB,
Ha3bIBACTCS IPU3MOM.

MHOroyrojapHUKH Ha3bIBAIOTCS OCHOBAHUSIMU IIPU3MBI, @ OTPE3KHU, COSAUHSIIOIINE BEPIIUHBI, -
OOKOBBIMH peOpaMu IIPU3MEI.

Al1A2...Anu B1B2...Bn — ocHOBaHUS NPU3MBI.

A1A2B2B1, A2A3B3B2, ...., AnA1B1Bn — 60koBbI€ IpaHy MPU3MBI,

Al1BI, A2B2, ..., AnBn —00k0BbIe pedpa IPHU3MBI.

OO6patu BHUMaHUE: Mpu3Ma 0003HAYAETCs MOCIEA0BATEILHBIM HA3BAHUEM €€ OCHOBaHHI:
AlA2...AnB1B2...Bn.

BbicoToii ipy3Mbl Ha3bIBaeTCs EPIEHANKYIISIP, IPOBEACHHBIN U3 KaKOM — TM00 TOUKU
IJIOCKOCTH OJJHOI'O OCHOBAHUS K IJIOCKOCTH JIPYroro OCHOBAHUS (MJIM PACCTOSIHUE MEXTY
TJIOCKOCTSIMU OCHOBaHHM MPU3MBI)

JInaroHaJIbI0 IpHU3MbI Ha3bIBACTCSA OTPE30K, COCIUHSIOINNI 1BE BEPIIMHBI IPU3MBI, HE
MPUHAJIeKAIINE OJHON TPaHH.

PaccMmoTpu pucyHok:

OOl — BeicoTa nnpusmsl, B1D — nuaronans npu3Msl.
CBoiicTBa NPpU3MBI.
1) OcHoBaHUsI IPU3MBI — PaBHBIC MHOTOYTOJIbHUKH, JICXKAIINE B MAPaIUICIbHBIX TIOCKOCTSIX.
2) BoxkoBbie pedpa mpu3MbI apauIeIbHbI U PABHBI.
3) BokoBbIe IpaHu MPH3MbI — MAPAIIICTOrPAMMBI.
OnpeneneHue TMaroHAJIbLHOr0 ce4eHUs! NPU3MbI
JlnaroHanbHBIM C€UEHUEM MPU3MBI Ha3bIBACTCS CEUEHHE MPU3MBI INIOCKOCTHIO, TPOXOASIIEH
yepe3 ABa OOKOBBIX pedpa, He MPUHAIISKAIINX OJTHON TPaHHU.
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- CeueHuneM NpU3Mbl INIOCKOCTBIO, TAPAJIIICIIBHON OCHOBAHMSIM, SBJIIETCS MHOTOYTOJIbHUKOM,
paBHBIM MHOT'OYI'OJIbHUKAM OCHOBAaHHUHU.

- CeyeHreM NMPU3MBI TUIOCKOCTHIO, MapauIeIbHON OOKOBBIM pedpaM, sIBIIIETCS
[1apaJuIeIOrPAMMOM.

)

oy
\~,~‘§?
AR ¥

N

)

Buasi npusm.
IIpsimast mpusma.

Bbly‘ll/l. HpI/ISMa Ha3bIBACTCA HpﬂMOﬁ, eciii ee OOKOBBIE pe6pa NEPHNCHAUKYJISIPHBI OCHOBAHU M.

A B,

Cy
——=B

¢ ABCAI1BI1CI — npsamas npusma.
Haxksnonnas npusma.

[Tpu3ma Ha3bIBaCTCS HAKIIOHHOM, €CITH €€ OOKOBBIE pedpa He MepIeHANKYISIPHBI OCHOBAHUSIM.

Kl
L

K

M
KLMKILIM1 — HakioHHas mpuszma.
OOpaty BHUMaHME U UCTIOJIB3YH NPU PELICHUH 3a/1a4.
CBoiicTBa NpSIMOM NPU3MBbI:
OcHoBaHMsI IPSAMOM TPU3MBI — paBHbIE MHOTOYTOJIbHUKH, JISXKAIUE B MapalIeIbHbBIX
IIJIOCKOCTSIX.
BokoBblie peOpa mpsiMoii Mpu3MBbl NapaiesibHbl, PAaBHBI U MEPIEHIUKYISPHBI IIIOCKOCTIAM
OCHOBaHMH (SIBIIAIOTCS BBICOTaMM). BpicoTa mpsiMoii pu3Mbl paBHa JuIHHE OOKOBOTO pedpa.
IIpaBuabHas npusma.
IIpaBrunpHON MPU3MOI Ha3bIBAaETCS MpsMas NMpU3Ma, OCHOBAHUS KOTOPOU — ITPaBUJIbHBIE
MHOT'OYTOJIbHUKH.

HHapanneaenunen.
ITapannenenunenoM Ha3bIBaeTCs IPU3Ma, OCHOBaHUE KOTOPOH — MapajiesorpaMM
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OOpatu BHUMaHHE: TaK Kak IMapajulesenuIe]] sBIseTcs IprU3Moii, TO Bce CBOMCTBA MPU3MBI
CIIPaBEUIMBEI U U1 TIapaJIICIICIUIIEAA.

L7

['panu mapanenenurea, He UMEIONINE OOIINUX BEPIINH, HA3BIBAIOTCS MTPOTUBOJICKAIIUMHU.
ABCIu AIBICI1, AAIBIB u IJ1CIC, AA1JI11 nu BB1C1C — npoTuBoiexamiye rpaHu.
I'panu mapamienenurena, Merone ooiee pedpo, Ha3bIBAIOTCS CMEKHBIMU.

D
Ayp——— j
/B C
A D

TEOPEMA IlpotuBoJiexallye rpany napajuiejenunea napauiesibHbl U PaBHBI.
TEOPEMA /[luaronanu napasuiesienuIie/ia epeceKkarTcs B OJJHOM TOYKE U TOUYKON
MepeCceveHUs ACIATCS MOIoIaMm.

Touka nepeceueHns quaroHajen napajuiejaenuIesa siBiaseTcss HEHTPOM €ro CUMMETPHH.
Buael napanienenunenos. IIpaMoyroasHblil napaJsJiesenumnes.

[Tapannenenunes Ha3bIBaeTCs MPSIMBIM, €CJIM €r0 OOKOBbIE pedpa NepHeH UKy PHbI
IIJIOCKOCTSIM OCHOBAHUM.

Obpamu énumanue: IPIMON NapajlIeJICIUIe]] IBJIIETCS NPSAMON IPU3MOM, OCHOBAHUE KOTOPOU

— IapajiIesorpaMm.
CBoiicTBa NPSIMOYT0JIBHOTO NApaJLIe/IeNnuIena:

1) OcHoBaHMsI NPSMOTO MapaJUIeJIeHIIe/Ia — PaBHBIE MTApAJLICIIOPAMMBI, JIeKaIIUe B
[apaAJUIEIbHBIX TUIOCKOCTSX.

2) BokoBble pedpa MpsiMOro mapauieNenuie/ia napauieabHbl, PABHbI H HEPIICHIUKYIISPHBI
IUIOCKOCTSIM OCHOBaHU. BbIcoTa mpsiMoro napasuienenureaa paBHa JiuHe 60KOBOro peopa.
3) IIpotuBonexaiue GOKOBBIC MPSIMOTO TApaUICIICHIEa — PABHBIC MPSIMOYTOJIbHUKH.
[T1nockocTi OOKOBBIX T'paHel MepHeHAUKYISIPHBI INTOCKOCTSIM OCHOBAHMH.

4) JlmaroHajad mpsMOTo IapajuieNienuIe/ia TOYKOH MepecedeH sl JeNsITCs OMoIaM.
[IpsAMOYTONBHBIM ITapaJUIEIICIAIIEIOM Ha3bIBACTCA NIPSMOU ITapaJlIeIIeIUIIe]], OCHOBAaHUEM
KOTOPOTO ABJISIETCS MPSIMOYTOJIbHUK.

Teopema:
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KBaapar quaronanu npsiMoyrojibHOTO MapajuieienuIie/la paBeH CyMMe KBaJIpaTOB TPEX €ro
U3MEPEHHH:
d* = a* + b* + ¢,

¢, D

L\
1 Ay

B

’,
bD

CaolicTBa IPSIMOYTOJILHOTO Tapajliesenue/ia:

1. [IpoTuBosekalye rpaHu IPSIMOYTOJILHOTO Mapaieienurnena (B TOM YMCiIe OCHOBAHUSA) —
paBHbIE IPSIMOYTOJIbHUKH.

2. BokoBbIe pedpa NpsSIMOYTOJILHOTO MapalIeIeuIe/[a MapalieIbHbIX, PAaBHBI U
MEePIEeHIUKYISPHBI IIOCKOCTSIM OCHOBAHUH.

3. Bce aByrpaHHble YIiibl NPSMOYTOJIBHOTO Mapaiiesienuneia — MpsiMble.

4. JlnaroHayii npsiMOYroJIbHOTO MapajijIesIeuIeia paBHbI M TOYKON NIepeceueHUst IesATCS
MOTI0JIaM.

5. JluaroHanbHbIE CEUECHUS MPSMOYTOJIBHOTO MapajuleNenunea — MPsIMOYTOJIbHUKH.

Ky60om Ha3bIBaeTCs MpsSMOYTOJIbHBIN MapauieNienumnes, Bce pedpa KOTOPOro paBHBI.

/]

4
7/

CgoiicTBa ky0a:

1. Bce rpanu kyba paBHbIE KBa/IpaThl.

2. U3 xaxx10# BepIIMHBI Ky0a UCXOAST TPH B3aUMHO MEPHEHIUKYISIPHBIX PaBHBIX pedpa.

3. Bce nByrpansble yribl Ky0a — IpsMBbIE.

4. Jlnaronanu Ky6a ¢ pe6poM a paBHBI a\'3 U TOUKO# IIepecedeH s AeMATCS MOMONaM.

5. JluaroHanpHOE CeueHue Kyba ¢ pebpoM a — IPSMOYTONBHHK CO CTOPOHAMH a 1 a\2
[IpaBuabHBIE MHOTOTPAHHUKH.

Omnpenesienue: BoITyKIIbIii MHOTOIPaHHMK HA3bIBACTCS MIPABUIIBHBIM, €CJIM BCE €70 TPAHU —
paBHBIE IPABUJIBHBIE MHOTOYTOJIBHUKH U B KaJKION €r0 BEPIIUHE CXOIUTCS OJTHO U TO YK€ YNCIIO
pebep.

1 BapuanT

1.SBnsiercs M npu3Ma NpaBUIILHOMN, eciiu e€ pedpa paBHbI?

a) na; B) HeT. OOOCHYITE CBOIl OTBET.

2.BpicoTa nmpaBWIBHOW TPEYrosbHOW NpHU3Mbl paBHa 3 cM. CTOpOHa OCHOBaHHUS paBHA 4 CM.
Haiinure nmomans oJHON TOBEPXHOCTU ITOU IPU3MBIL.

3. Ilnomanu AByX GOKOBBIX TpaHeil HAKIOHHOH TPeyroIbHOl Mpu3MbI paBHEL 50 1 30 cM2. Yron
MEXy ATUMU TpaHsaMu npssmoid. Haiiaute miomanb 60KOBOM MOBEPXHOCTH MPU3MBI.

4. B mapamienenunene ABCDA1Bi1CiD: mnposeaenst ceuenuss AiBC u CBiD:. B xakom
OTHOILIEHUU ATH TUIOCKOCTH JienAT auaroHans ACi.

2 BapuaHT
1.MoseT 11 OCHOBaHHE HAKJIOHHOTO Napajuieenureia ObITh IPSIMOYTrOJIbHUKOM?
a) na; B) HeT. OTBET 00OCHYIITE.
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2. Haiigute nuaroHanb OpsMOYTOJIBHOTO Hapaiesienuea, €Ciid TpU ero pedpa UMEIOT JJIMHBI
6,7, u 8 cMm.

3. Haiigute quaroHanu npsiMoro napajulejenuiesia, €Ciau CTOPOHbBI €r0 OCHOBaHUS paBHBI 3 U 5
cM, yron Mexy Humu 60°, a BeIcOTa mapasiesenuieaa paBHa 7cM.

4. MoryT nu 11Be OOKOBBIE I'PaHU HAKJIOHHOTO Mapajuiesienunena ObITh MEePHeHIUKYIIPHBIMA
IUIOCKOCTH OCHOBaHUS?

Kpurtepuu oneHnBanus:

Onenka O0ocHOBaHHNE OLICHUBAHUSA

«OTJII/I‘-IHO» BCC 3a4aHUS BBIITOJIHCHBI HpaBI/IJIBHO
«Xopomro» [TpaBUIBEHO BBITIOJHEHHI JIFOOBIE 3 3aMaHUs
«Y IOBJIETBOPUTEIBHO [IpaBUIBEHO BBIMOIHEHHI JIFOOBIE 2 3aaHUs
«HeynoBneTBOpUTEIBHOY [IpaBUIIbHO BBHITIOJIHEHO MeHee 2 3aaHui

Ilpakmuueckan paooma No27 Tpenasicepovt no meme: Iupamuoot

[Tupamuioil Ha3pIBaeTCs MHOIOIPAaHHUK, OJTHON U3 IpaHel CIyKUT MHOTOYTOJIbHUK ( OCHOBaHME
MUPaMUJIbI) , 2 OCTAIbHBIE TpaHu (OOKOBBIE) TPEYTOJILHUKH C 00IIei BepIIMHON (BepIInHa

nupamuabl).  [lupamuaa, OCHOBaHHEM KOTOPOH SBISIETCS MPABUIBHBIT MHOTOYTOJIEHUK U
BEPIIMHA TPOSKTUPYETCS B IIEHTP OCHOBAHMS, Ha3bIBACTCS IPAaBWIIBHOM. BbicoTa 00KOBOI rpaHu
MPaBUJIbHOM MUpaMU/Ibl, ONYIIEHHAs U3 BEPLIMHBI TUpaMU bl Ha3biBaeTcs anodemoii (SN).
[lepnieHauKysp, ONYLIEHHBIN U3 BEPIIMHBI TUPaMUIbl Ha MIIOCKOCTh €€ ocHoBaHus ( OS)
Ha3bIBAETCSI BHICOTOW MUPAMU/IBI.

B 3aBucMMOCTH OT yCIIOBHS 33JJa4ui OCHOBAHUEM IPABUIBHOI'O MHOTOYT'OJIbHUKA MOXKET OBITh
TIPaBHMIIBHEIA TPEeyroNbHHUK , KBaApaT u T.A. Ilycts n

CTOpOHA MpaBH/JIBHOI'O N — YIroJIbHHKA; 15, —
0 paznyc BIMCAHHON OKPY>KHOCTH.

180 1
a, = 2tg—- 1, S==-P- 1
Torna n , 2 ,rae P oTo mepuMeTp MHOTOyrojabHUKA.

O0BéM InrupaMuabl paBCH OIHOM TPETHU NPOU3BCACHUA TUIOIIAAN OCHOBAHU HA

BBICOTY.

— o2
Ecnu B oCHOBaHUM JEXKUT KBaapar, TO SOCHGEE’!HHH =4

Ecnu B oCHOBaHUM JEKUT paBHOCTOpOHHI/Iﬁ TPCYrOJIbHUK, TO

HanmoMHuM Taxxke, 4To BbICOTa NEPIEHAUKYIIIPHA K INIOCKOCTA OCHOBAHUS, TO €CTh BBICOTA
NEePIEeHIUKYIIApHA K JII000H NMpsAMOil Jiexalliell B INIOCKOCTH OCHOBAHMUS.
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1 Bapuanr 1

1. Ckonpko pedep y MIeCTUYTOJIbHON THPAMU/IBI:

a)6; 0)12; B)18; r1)24;

2. Kakoe HaMeHbIIIee YUCII0 TPaHel MOXKET UMETh MUpaMu/Ia:

a)5; 6)4 B)10; 1)6

3. [loaTBepauTe MM ONIPOBEPTHUTE CIEAYIONIUE YTBEepKIeHus: Jla * HeT

a) MHOrorpaHHMK, COCTaBJIEHHBIH U3 N-TPEyrojJbHUKOB, Ha3bIBAETCS TUPAMUIOH;

0) [lupamuia Ha3bIBaeTCS IPAaBUIIBHOM, €CIIM €€ OCHOBAHUE — NPABUIIbHBI MHOTOYT OJIbHUK;
B) BricoTa 00KOBOM rpaHu NpaBUIIbHOM MUPaMUbI, IPOBEACHHAS U3 €€ BEPLIMHbI, HA3bIBACTCS
anodemoi;

4.3apava. Kpbima GamHy uMeeT BUI IPaBUIBHOM YEThIPEXyTOJIbHOM MUPAMUIBI, Y KOTOPOI
CTOpOHa OCHOBaHMs paBHa 12 M, a BeicoTa 18 M. CKOIBKO IOHA00UTCS IUIMTOK Ha ITOKPHITHE
9TON KPBILLIY, €CIIM KaK/1asl IVIMTKA UMEET BUJ IPSIMOYTOJIbHUKA CO CTOPOHAaMHU 22 cM U 18 cM.

2 BapHMaHT

1. CkomnbKo rpanel y meCTUYrOJIbHOW MUPaMUJIbL:

a)6; 0)7; B)S; 1)10;

2. Kakoe HauMeHbIIIee 9uciio pedep MOXKET UMETh MTUPaMHJIa;

a)6; 0)5; B)4; 1)7;

3 [lonTBepauTe MK ONMPOBEPTHHUTE ClIEAYIOIINE yTBepKAeHus: [la * HeT

a) BricoTa nupamuibl Ha3bIBAETCS BHICOTOM IPaHU;

0) [1nomanp 60KOBOM MOBEPXHOCTU MUPAMUIbI PABHA ITPOU3BEACHUIO IEPUMETPA OCHOBAHUS HA
BBICOTY;

B) [Iupamua Ha3bpIBaeTCs NPABUIBHOM, €CIIM €€ OCHOBAaHUE — ITPaBHJIbHBII MHOTOYT'OJIBHUK;
4.3apnaun. OHO U3 CaMbIX TPAHAMO3HBIX COOPYKEHHI IPEBHOCTU — MUpaMuia Xeorca — UMeeT
dbopMy TpaBUIILHOM YETHIPEXYTOILHON MUPAMHIbI C BEICOTOM 150 M 1 60k0BBIM pedpom 220 M.
Haiiaure momans 60KOBOM MOBEPXHOCTH

3 BapuaHT

1. Cxonpko pedep y YeThIpeXyrobHOM MUpaMUIbL:

a)6; 0)12; B)8

2. Kakoe HauMeHblIIee YUCII0 TpaHel MOXKeT UMETh MUpaMua:

a)5; 6)4 B)10; 1)6

3.IlonTBepauTe MK ONMPOBEPrHUTE ClieAyIOIINe yTBepKaeHus: [la * Her

a)CyIecTBYeT JIM YeThIPEXYToJIbHAs TUpaMKia, Y KOTOPOU MPOTHBONOJIOKHBIE OOKOBBIE TPaHU
NEPIEHUKYJIPHBI K OCHOBAHUIO?

0)BbicoTa nupamubl, 3TO NEPHIEHANUKYISIP, TPOBEAEHHBIN U3 BEPILINHBI K OCHOBAHMIO.
B)OO11as Touka OOKOBBIX I'PaHEH MUPaMUIbl HA3bIBACTCS BEPLIMHOMN

4.3anaua. Kpeia umeet Gpopmy nupaMu/isl ¢ KBaJpaTHBIM OCHOBaHUEM 4,5 M X 4,5 M 1
BbICOTOM 4 M. CKOJIBKO JIMCTOB kene3a pazmepoM 70 cm x 140 cM HY’»KHO JUIsl IOKPBITHS KPBIIIH,
€CJIM Ha OTXO/JIbl HY’KHO 100aBUTH 10% mtomaau Kpbimu?

Kpurepun ouennBanus:

Onenka O0ocHOBaHNE OLICHUBAHUSA
«OTnuyHO» Bce 3aanus BBIMTOTHEHBI TIPABHIILHO
«Xoporio» [TpaBUIIbHO BBIMOHEHHI TIO0BIE 3 3a/1aHUS
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«Y IOBJIETBOPUTEIBHO [TpaBUIBEHO BBITIOJHEHHI JIIOOBIE 2 3aaHUs

«HeynoBneTBOpUTEIBHO» [IpaBuiIbHO BBINOIHEHO MEHEE 2 3aJaHUN

Ilpakmuueckasa paooma Ne28 Tpenasicepvt no meme: Kpyanvie mena

HCJ’II): OCBOUTBH HABBIKU PCIICHUA 3aaa4 110 CTCPEOMETPHUU HAHAXOXKIACHUC HJ'IOI].I&I[GIZ IIOBEPXHO
CTU TCJI BpalllCHUA.

Meroaunueckue yka3aHusl.
IIpumepl.

Jlan mumuaap. Oceoe cedenue -kpaapar. [omans ocnopanus papa4iT. Haittu mioman6
IIOJIHOM ITOBEPXHOCTH.

Penrenme.

S6okoroit nosepxsocrn = 2MRA,
Socuopanua = MTR* = 4w — R =2
Socesoro cevenns ABCD = 2R "R Tax xax ABCD —
KBajgpaT, ToR = h = 2

S6okoBoii NOBEPXHOCTH 2nRh = 2m - 2- 2 = 8m.

SI'IO.I']HDﬁ I'IOBEPXHOCTH=560KOBGH MNOBEPXHOCTH + ZSGCHGBaHHﬂ = 16“

Otmser. 16 ™

Seox = 2nRh OcHoBaHue
Sum = 27R(R + h)

Vuun = TCRZh

Obpasyouwme

OcHoBaxue
Ocb umnunapa A

[Tpumep 2.
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JlaH nmpsIMOYTOJIbHBIN TPEYTOJIBHUK C KaTeTaMu 3 ¢cM U 4 cM. HaiiauTe nomaab noHoM
MOBEPXHOCTH, MOJYYEHHOT'O BpallleHUEM TPEyroJIbHUKa BOKPYT KaTeTa 4CM.

Pemrenue.

0B — paauy

Sﬁumsnﬁ I

O
tBeT: 24T CME.

Seox = nRI BepLumHa koHyca

(! — ob6pasyrowas) P
SKOH = nR(IR + /}

. k..
"xou - ?RR'II

Obpaayiowme

OcHosanue S
KOHyCa Ocb koHyca -

Bapuanm 1

1. [TunuHap HeAb3sl OJIYYUTh BPALLIEHUEM. ..
1) TpeyrosbHHMKA BOKPYT OJHOM U3 CTOPOH;
2) kBasipaTa BOKpPYT OJTHOM U3 CTOPOH;

3) npsAAIMOYTOJIbHUKA BOKPYT OJHOM M3 CTOPOH.

2. [Tnomiame GOKOBOM MOBEPXHOCTH IIJIUHAPA MOMKHOBBIUUCITHTH 110 POpPMYIIE. ..
2.
2) Soox = 7R7H;

3) S6OK = ”RH .

3. Ceuennem HUuJInHApa MI0CKOCThIO, HCpHCHI{HKy.HﬂpHOﬁ €ro o6pa3yI0meI71, ABJACTCA. ..

1) kpyr;
2) npsIMOYTOJIbHHUK;

3) Tpanenus.
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4. Ha ocHOBaHUSIX LIMJIMH/PA B3ATHI IB€ NapajuieIbHbIe APYT APYTY XOP.Ibl, IPOXOIAIINE Yepes3
LIEHTPBI OCHOBaHUM. Torga paccrosHue Mexay XOpJAaMH. . .

1) paBHO BBICOTE IUIIUHIPA;

2) GoJIbIIIE BHICOTHI ITUITUHAPA;

3) MeHbIlIe BBICOTHI HIUIUHAPA.

5. BokoBO#1 MOBEPXHOCTBIO IIMIMH/PA BHICOTON H 1 qriamMeTpom ocHoBanus d sIBJIsIETCS KBAIpar.

Tornma BepHO, UTO...

1)d=H;
2)H =7Z'd;
3) 7H :d.

6. Pa3BépTKoii 00KOBOI1 MOBEPXHOCTH MPSIMOTO KPYTrOBOTO LIUJIHH]IPA MOMKET OBITh. ..
1) IpsIMOYTOJIbHHK;
2) pomo0;

3) mapajuiesorpamm.

7. OTHOIICHUE TUTOIIAIeH OOKOBOI TOBEPXHOCTH M OCEBOTO

CCUCHU MUJIMHAPA paBHO...

1 7R;

2) 2T,
3) 7T

8. [Tomrae GOKOBOM MOBEPXHOCTH MIJIMHAPA B 2 pa3a OO0JIbIIe IUIOMAIN OCHOBaHMsI. Toraa

H
oTHOIIeHHe R paBHO...

1)1,
2) 2;
3) 3.

Bapuanum 2
1. InavHIp MOKHO MOITYYUTh BPAILICHUEM. . .
1) Tpamenun BOKpYr OAHOIO U3 OCHOBAHHUIA;
2) poMba BOKpYT OJIHOI M3 AUaroHase;

3) npsAMOYTOJIbHUKA BOKPYT OJTHOM U3 CTOPOH.

85



2. ITmomanb GOKOBOI MOBEPXHOCTH IIMJIMH/IPA HEJIb3sl BEIYUCITHUTH 0 hopmyie. ..

1)560K =ndH

3) Soox = 27R°H.

3. CedenneM HMIMHIPA TIOCKOCTHIO, MAPAIEIBHOM ero o0pasyroieil, iBJsieTcs. ..
1) kpyr;
2) NpsSIMOYTOJIbHUK;

3) Tpanenusi.

4. Ha ocHOBaHUSX LWJIMHJPA B3ATHI JBE MEPICHINKYISPHBIC APYT APYTY XOPIbI, TPOXOISAIINE
yepe3 LIEHTPbl OCHOBAHUIA.

Torna paccrosiHre MEXy XOpJaMH. . .

1) paBHO OOpa3yroiel HUINHAPA;

2) 6ombI1I€ BHICOTHI LIUIUH/IPA;

3) menble 00pa3yroiel HUINHApPa.

5. bokoBOW NOBEPXHOCTHIO IMJIMHApPAa C BbicOTOM H u pagumycom ocHoBanus R sBisercs

kBajapar. Torga BepHO, 4To...

ﬂ:27z;
1) R
E:27r;
2) H
3) H =2R.

6. Pa3BépTkoii 00KOBOIl MOBEPXHOCTH MPSIMOT0 KPYrOBOTO LIMJIMH/IpA He MOXKeT ObITh. ..

1) npsIMOYTOJIbHUK;

2) poM6;

3) kBajpar.

7. Inomans G0KOBOM MOBEPXHOCTH LMJIMHApPA OOJbIIE IUIOMIAJN OCEBOTO CEUEHHS LMIMHApA

B...
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3) mpas.
8. [Tnomaas 6OKOBOM MOBEPXHOCTH MIJIMHIPA B 3 pa3a OoJiblie TUIoaarn OCHOBaHUs. Torna

H

OTHOIICHUC R PaBHO...

1) 1; 2) 1,5; 3) 3.

Bapuanm 3
1. Konyc MoskeT OBITh MOJIy4eH BPAIICHUEM. . .
1) paBHOCTOPOHHETO TPEYTOJIbHUKA BOKPYT €0 CTOPOHBI;
2) IpsIMOYTOJIFHOTO TPEYTOJIbHUKA BOKPYT OJJHOTO U3 €ro KaTeTOB;

3) OpsAMOYTOJILHOTO TPEYroJIbHUKA BOKPYT TUIIOTEHY3HI.

2. IInomans OOKOBOI MMOBEPXHOCTHU KOHYCAa MOYKHO BbIYUCIIUTH I1O (I)OPMYHG. ..

1) S60K = 7Z'RI, 2) 860K = 7Z-RH, 3) 8601( = 7Z'IH .

3. Ceuennem KOHYCa IJIOCKOCTBIO, HepHeHﬂHKYHHpHOﬁ OCH HUJIIMHApPA, ABJIAACTCH...

1) TpeyroyibHUK; 2) NpsIMOYTOJIbHUK; 3) xkpyr.

4. PaccrosiHHE OT LCHTpa OCHOBAHUA KOHYCa O IINIOCKOCTH CCYUCHUH, npoxonﬂmeﬁ qcpes3

BEPUIMHY KOHYCAa, PABHO JJIMHE OTPE3KaA...

<24

K
1) OB; 2) OK; 3)
OM.

5. Pa3BépTkoii 00KOBOII MOBEPXHOCTH KOHYCA SIBJSIETCS KPYTOBOH. ..

1) cermeHT; 2) cexTop; 3) cioii.

6. [limomanb MOTHOM MOBEPXHOCTH KOHYCa PABHA. ..
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1) SHOHZZERI; 2) Sn0ﬂ:7Z-H(I+R);
S —2R(+R).

3)

7. HanbGonpimunii nepuMeTp UMEET CEUEHHE KOHYycCa, MPOXOIAIIEE YEpPe3 €ro BEPLIMHY U XOpAY,

CTATUBAIOIILYIO AYTY B...

1) 60°; 2) 90°; 3) 180°.

8. Uepes BepmmHy KoHyca U Xxopay BC npoBeieHa MmiIoCKOCTb.

Torzma yroa Mexay 3TOH IIIOCKOCTBIO M INIOCKOCTBIO OCHOBAHHS 3TO YTOIL. ..

A

1) ABO; 2) AMO; 3) BAC.

Bapuanm 4
1. Konyc MoskeT OBITh OJIy4€H BpPAIIEHUEM. ..
1) npsIMOYTOJIBHOTO TPEYTOJIbHUKA BOKPYT TUIIOTEHY3bI;
2) paBHOOEAPEHHOTO TPEYrOJIbHIUKA BOKPYT MEUAHBI, IPOBEAEHHON K OCHOBAHUIO;

3) TYyNOyroJabHOIr0 TPeyrojibHUKa BOKPYT OJTHON U3 €ro CTOPOH.

2. Imomab OOKOBOM MOBEPXHOCTH KOHYCA HeJIb3sl BEIYHCIUTD 10 (hOpMYTIE. . .

_ 2. _ .
1) SGOK_ER ’ 2) SGOK_HRI’ 3) S60K=TL'

4
2

3. CeueHneM KOHyca IIJIOCKOCTBIO, MPOXOSIIEN BEpIIMHY KOHyca W XOpAY OCHOBaHMS, He

MOKeT OBbITh. ..
1) npsIMOYTOJIBHBII TPEYTOJIBHUK;
2) paBHOOEIPEHHBIH TPEYTrOJILHUK;

3) pa3HOCTOPOHHUHN TPEYTOJbHHUK.
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4. PaccrosiHME OT IEHTpa OCHOBAaHMUS KOHYyCa /0 IUIOCKOCTH CEUYEHHUs, MPOXOMSIIeH uepe3
BEpIIMHY KOHYCa, PABHO JUIMHE OTPE3Ka. ..

M

A s
1) OF; 2) OK; 3) OB.

5. a — obpasyroras KoHyca, b — BbIcOTa KOHYca.

Torna BepHO, 4TO...
1) a>b; 2)a=Db; 3) a<b.

6. IInomane momaHOM MMOBCPXHOCTU KOHYCA, Y KOTOPOro OCCBbBIM CCUCHUCM SBJISICTCS

PaBHOCTOPOHHUM TPEYroJbHUK CO CTOPOHOH ¢, pABHA. ..

2
szﬁﬁaz; S, =2 3 2

1) 4 2) nox 4 ’ 3) Snon =3rza“.

7. HaubGonpiyro miomaab UMEeeT CeYeHHe KOHyca, MPOXOIAIIEe Yepe3 ero BEepIIMHY U XOpAY,
CTSTHUBAIONIYIO AYTY B...

1) 60°; 2) 90°; 3) 180°.

8. Uepes BepmuHy KoHyca U Xopay AB mpoBe/ieHa mIoCKOCTb.

Toraa yron Mexay 3TOH MIOCKOCTBIO U IMIIOCKOCTHI0O OCHOBAHUS — 3TO YTOJ. ..

C

1) ACB; 2) OAC; 3) CKO.

Kpurepun ouennBanus padborbl:

1. Ormerka "S" BbICTaBIIsSIETCS, €CJIM TPABHIIBHO BBIIIOJIHEHO & 3aJjaHUM
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2.  Otmertka "4" BBICTaBISETCS, €CITM MPABWIHHO BBITIOJIHEHO 6-7 3a1aHUiA
3. OrMerka "3" BBICTABISICTCS, €CITM MPABIILHO BBIIIOJIHEHO 4-5 3a/1laHui

4.  OrMmerka "2" BBICTABIISACTCS, €CITU MPABWIHHO BBHIMOJIHEHO MEHEE 43a/1aHUi

Kiaroun k NpaBUJIbHBIM OTBETAM:

Ne i/t
1 2 3 4 5 6 7 8
BapHaHT
1 1 1 1 1 2 1 3 1
2 3 3 2 1 1 2 3 2
3 2 1 3 3 2 3 3 2
4 2 1 3 2 1 1 3 3
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Ilpakmuueckasn paooma Ne29 Tpenasicepol no meme: Ilpasunsnsie MHo2opanHuKu
MHOrorpaHHHUK Ha3bIBA€TCS MPABUIIbHBIM, €CITH:

1. oH BeIyKIIBIH
2. BCE €ro IpaHH SBJSAIOTCS MPaBUIIBHBIMU MHOTOYTIOJIbHUKAMU

3. B Ka)KHOfI €T0 BEPIIHMHE CXOAUTCA OAMHAKOBOE YUCIIO €TI0 pe6ep

MPABUJIbHBIE MHOTOI'PAHHUKH

Twun npasuneHOro Yucno | “wmcno | “mcno

MHOTOrpaHHnKa Bua rpatm rpaned | sepwwn | peGep
lipaswasnmit Tevparip
(wermpexrpannux)
4 4 6
|
i
lexcanap (wecTurpanwux), xyo .
[T v x1
: 6 8 ‘ 12

b |
i

Oxranap (soCaMUrpanumx)

7\
N

Hxocarzp (asmanawipanunk)

JA\ 20 12 30
JAWAY |
N7

Jloaexanap (AseHa A THIPRHIENK)

S/
5




Bapuanm 1
1. ABCD — terparap. Torna He ABASIOTCS TTPOTHBOIIOIOKHBIMU pEOPA. . .
1) AD u BC;
2) AC u DC;
3) ABu DC.

2. 12 — 370 9ncno...
1) BepIIMH napaienenuea,;
2) p€6ep mapayuieaenumnesa;

3) rpaHeil napaienenumneaa.

3. Kakoe npennoxxeHre HeBepHoe?
1) [IpotuBomONIOXKHBIE PEOPa Mapayieenuneaa napajieibHbl 1 PaBHBI.
2) [IpoTuBOMOIOKHBIE TPAHH MapasUIeICIIUIe1a TapaJJIeIbHBI U PABHBI.

3) Auaronanu napajjiesienunea paBHbl.

4. lnaroHabHBIM CEUYEHUEM Mapajulesienuieia He MOXKeT ObITh. ..
1) npsIMOYTOJIbHUK;
2) poM6;

3) Tpaneuus.

5. He cyniecTByeT TeTpasipa, y KOTOPOTO...

1) Bce rpaHu paBHbIE PpaBHOCTOPOHHUE TPEYTOJbHUKH;
2) Bce I'paHy NPSIMOYTOJIbHBIE TPEYTOJIbHUKH;

3) cymma rpalyCHBIX Mep yTJIOB NPH OAHOMH BepinHe 360°.

6. CyuecTByeT napaujienenumnes, y KoToporo...
1) Bce yrubl rpaHell OCTphIE;
2) Bce yIIIbl TpaHel NpsIMBIE;

3) 4KcII0 BCeX OCTPBIX YIJIOB IpaHei He PaBHO YHMCITY BCEX TYIBIX YIJIOB I'paHeH.

7. ABCDA1B1C1 D1 — mapamnenenunen. Touku N u P — cepenunnt pédep AD u CD
NP € a.

COOTBETCTBEHHO,



CeueHueM mapajUiesenuneaa mwiockocTeio & sBisercs tpeyronpHuk. Torma miockocts &

nepecekaer peodpo...

\\[______
|

u

' I

BN

1) BBy;
2) DDy;
3) A1By.

8. DABC — terpasap. Touku M u N — cepenunbl pédep ocnoBanusi 4B 1 AC COOTBETCTBEHHO,
MN € c.

Ceuenune TeTpadapa INIOCKOCTBIO a SABJIICTCA IIE‘,TLIpéXyTO.]'IL\HI/IK. Torma mMmIOCKOCTH a

napajuiesbHa. ..

M

1) pebpy AD;
2) pebpy BD;
3) rpanu BCD.

Bapuanm Ne2
1. ABCD — terpasap. Toraa mpoOTHBOIIOIOKHBIMU SIBJSIIOTCS pEOpa. . .
1) AC u BC;
2) ABu DC;
3) DB u DC.

2. 6 —9TO 4ucIno...
1) BepunH TeTpa’pa;

2) rpaHeil TeTpadipa;
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3) p€bep TeTpaspa.

3. Kakoe nipeioxeHric HeBepHoOe?

1) JmaroHaJbHBIM CEUCHHEM IMapajulelieluIe/la Ha3bIBACTCS CEYCHUE Mapaliesienuea
IUIOCKOCTBIO, MPOXOJISIIEH Yepe3 ero TuaroHaim.

2) JlnaroHanpHBIM CEYCHHEM NapaljiesieuIe a SBIsSeTCS MapaiieIorpaMM.

3) JluaroHanbHble CEYEHUs NapalIeleNuIe]a — PAaBHbIE IapaJlIeIOrPaMMBI.

4. CymecTByeT napajienenure], y KoToporo...
1) TonpKO OJiHA rpaHb — NPSIMOYTOJIbHUK;
2) TOJIBKO JBE CMEXHbIE T'PaHU — POMOBI;

3) TONBKO JIBE€ MPOTUBOMOJIOKHBIE IPAHU — POMOBI.

5. Pa3BépTKoOii TeTpadapa aBJsieTcs Gurypa mnoj HOMEpom. ..

1) 2) 3)

6. He siBasieTcst pa3BEPTKOI mapasuiesnenumnena GUryp moj HOMEPOM. ..

1) 23 3)
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7. ABCDA1B1C1Dq - mapamnenenunen. Touxku M wm K — cepenunbr pébep AB um AD

coorBercteenno, MKEQ.  Ceuenmem mapamnenenmmena miockocTeio @ sBisieTcs

4eThIPEXYronbHUK. Toraa miockocts & He mepecekaer pe6po. ..

I:_'-;I i:':‘I
|
Al D,
|
| C
M ———— e —
”““\.‘_ /P
A K D
1) CCq;
2) DDy;
3) A{Bq

8. DABC — terpasap. Touku M u N— cepenunasl ocHoBanus AB u BC coorBercTBeHHO,

MN ca. CeuenneM TeTpasapa IJI0CKOCTbIO @ gpnsercs TPEYTrOJIbHUK. Torpa miaockocTh a

He MOJKeT OBbITh IapajuiesibHa. . .
1) pebpy BD; 2) rpanu ADC; 3) BeICOTE TETpa’Ipa.
Bapuanm 3

1. I[Tpusma n3zo0pakeHa Ha PUCYHKE. ..

iy 1 2 N

E)

2. 6 —9TO 4ucIno...
1) BepIIMH MIECTUYTOJIbHOI MPU3MBI;

2) p€0ep TpeyroabHOM MPU3MBI;
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3) rpaHeil YeTHIPEXYTOIHHOM MPU3MBI.

3. He cyiiecTBYeT MPU3MEI, Y KOTOPOU BCE TPaHH. ..

1) pomOBI;
2) IpsSIMOYTOJILHUKH;
3) TpeyroJbHUKHU.

4. CyuiecTBYeT IpU3Ma, KOTOPast UMEET. ...

1) 13 pé6ep; 2) 14 p&oep; 3) 15 péoep.

Z AAC =/ AAB.

5. ABCA1B1Cq — Haksonnas npusma.

Torga CC1B1Bune mosxker ObiTh. ..

1) pom6oM;
2) KkBaipaToOM;
3) IpSAMOYTOILHUKOM.

6. ABCDA1B1C1Dq — npsamoii napanenenumnen. £B,DM _ YTOJI MeXy auaroHansio DBy u

ITOCKOCTBEO Dch 1-

Torma ABCD —
1) pom6;
2) KBajpar;

3) IpAMOYTOJIbHUK.

7. Pa3BépTKOIl HAKJIOHHOWM MTPU3MBI SIBJIIETCS (PUTypa MO HOMEPOM. ..
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1) 2}

3)

8. Tlpusma umeet 30 rpaneii. CKOJIBKO BEPIIUH U pedep:

1) 56 u 84,
2) 58 u 86;
3) 60wu 88.
Bapuanm 4
1. ITpu3ma n3o0pakeHa Ha PHCYHKE. ..
1) | 2)
|
I
I
I
L4
ra
,rj
3)
A
N
Y
- } _____ -

2.9 — 3TO YHnCIO. ..
1) BepIIMH AEBATHYTOJILHOMN IIPHU3MBI;
2) p&bep TPeyroJabHOMN MPU3MBI;

3) rpaHeil yeThIpEXYTOIbHON IPU3MBI.

3. He cymiecTBYeT MPU3MBI, Y KOTOPOH BCE TPaHH. ..

1) poMObI;
2) KBaJpaTsl;

3) Tpanenumu.

4. Yucno p€dep mpusmbl KpaTHo... 1)5;  2)2; 3)3
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5. ABCDA1B1C1Dq —  HaKJOHHBIU napauiejaenumnes. £ AiAD =Z AlAB'

AO L (ABC).O e ouccekrpuce AK. Tormna ABCD...

1) mpsAMOYTOJIbHUK;
2) pom0:

3) kBajpar.

6. ABCA1B1Cq — nmpaBunbnas npusma. Torga yron mexay BCq u nmockoctsro ABBq — 310...

A, C,

N

B]
NP
B

1) ZB,BC;

2) ZMBC;

3) ZBC/A.

7. He siBJ1sieTcs pa3BEPTKON MPAaBUIIbHOM MPU3MBI PUTypa MOJT HOMEPOM. ..
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” <>

3)

8.ITpu3ma mmeet 40 rpaneii. CKOJIBKO BEPIIMH U pedep:
1) 80m 118
2)76u 114

3) 40u78.

Kpurepun onenuBanus padorbl:

1
2
3.
4

OtmeTtka "5" BBICTaBIAETCS, €CIIM IPABUIIBHO BBIMOJHEHO § 3aaHUM
OtmeTtka "4" BbICTaBIAETCS, €CIIM IPABUIIBHO BBIMOJHEHO 6-7 3a/laHuil
OtmeTka "3" BbICTaBIISE€TCS, €CJIM IPABUIIBHO BBIIIOJIHEHO 4-5 3a1aHuil

OtMmetka "2" BBICTABIIAETCS, €CITU MIPABUIILHO BBITIOJTHEHO MEHEE 43a/1TaHUi

Kiaoun k NpaBUJIbHBIM OTBE€TaAM:

Ne n/m
1 2 3 4 5 6 7 8
BapuaHT
1 2 2 3 3 2 2 2 1
2 2 3 3 3 3 3 1 1
3 1 3 3 3 1 1 2 1
4 3 2 3 3 1 2 2 2

Ilpakmuueckasa paooma Ne30 no meme: @opmynvt oughghepenyuposanusn
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dopmynbl auddpepeHuyuposaHua | lMpasuna guddepeHumpoBaHUa

C'=d
(kx) =k
(x") = 3
' (u+v) =u+v'
(l) o 12 (ku)' = ku'
X x

(uv) =u'v+uw'

,_ 1 ,_3x :
(xf =g (el =T (ﬁ)_u'v—uv'

7 d
. v v
(sinx)' =cosx
V__tpey o
(cosx) =—sinx (u(v)) =u(v)-v
1
(tgx) =—
cos” x
1
(ctgx) =———
Sin” x |
1 Bapuant

Hcnons3ys popmyisl auddepeHurpoBaHus HallAuTe NPOU3BOAHYIO (DYHKIUII B TOUKE X, :

a) f(X)=x>, x,=2,-15
6) f(x)=4-2x, x,=05 -3
B) f(X)=3x-2, X,=5 -2
r f(xX)=x* x,=25-1

2 BapuaHT

Hcnone3ys dpopmynsl 1uddepeHInpoBaHms HAUAUTE NPOU3BOAHYIO (YHKIIUHN B TOUKE X, !

a) f(X)=x*, x,=2-15
0) f(x)=2-4x, x,=05;-3;
B) f(X)=2x+3, x,=5-2
r f(x)=x% x,=25 -1

Kpurepun ouennBanus:

Onenka O0ocHOBaHNE OLICHUBAHUS
«OTnuyHO» Bce 3aanus BBIMTOTHEHBI TIPABUIILHO
«Xoporio» [TpaBUIIbHO BBIMOHEHHI TIO0BIE 3 3a/1aHUS
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«VILOBJ'IGTBOPI/ITGHBHO»

[TpaBUIBEHO BBITIOJHEHHI JIIOOBIE 2 3aaHUs

«HeynoBneTBOpUTEIBHO»

[IpaBUsIbHO BBINIOJIHEHO MEHEe 2 3aaHui

Ilpakmuueckan paooma Ne31 Tpenasicepovt no meme: Ilpouzeoonvie rnemenmaprvlx

dynxyui

dopmynbl auddpepeHuMpoBaHUA

C'=d
(kx) =k

(xt‘ )I = rxr—]

1
24x

(sinx)' = cosx

3 '
(x) =——— (X\E)'Zg (u) uv—uw

(cosx) =—sinx

1
(1gx)" =—
cos™ x
/{
(ctgx) =———
- sin x
1 BapuanT

(u+v) =u' +v'
(ku) =ku'
(uv) =u'v+u'

2

v v

(u(v))'=u'(v)-v

Mpasuna puddpepeHumnpoBaHUa

[one3ysicy popmynamu u npaBuinaMu aupdepeHInpoBaHms, HaliIuTe MPOU3BOIHBIE (YHKIINA:

1) y=x N y=x"
2)y=x"; 8 y=x

1 9) y = —8x+11;
3 y=—7; )y

x 1
4y y=tx+16 V=15

5) y=32-9x; 11) y =43-5x;

X X
6) y=———41.12) y=31—- —.
)y - )y P

101




2 BapuaHT

[Tonb3ysick hopMyniamu u npaBuiamMu auddepeHupoBanus, HAMIUTE TPOU3BOAHbIC (HYHKIIHIL:

Dy=x*;  DNy=x7
2)y=x"1% B y=x"
1 9) y = —14x—32;
3 y==75 )y .
X 10) y =-19+7x;
4) y=11x-9; 1

5) y=-51—6x; 1D =15

X X
6) y=——+5. 12) y=-28— .
)y 13 )y 18

Kpurtepuu oneHnBanus:

Onenka Oo6ocHoBaHHE OLICHNBAHHSA

«OTanyHO» [IpaBunbpHO BeIMOMHEHBI Jt0ObIE 11-12 3anannii
«Xopouio» [IpaBubHO BBINIOIHEHBI J100bIE 8-10 3amanus
«Y IOBIETBOPUTEIILHO» [TpaBrIIbHO BBINOIHEHBI JIIO0OBIE 5-7 3aaHus
«HeynoBiaeTBOpUTEIBHO» [IpaBUIIBHO BBINIOJIHEHO MEHEe 5 3aaHUI

Ilpakmuueckasa paooma Ne32 Tpenayxcepvt no meme: Ilpumenenue npouszeo0noii K
UCC1e006anuI0 QyHKyui

Onpenenenue: Touka Xo Ha3bIBAETCSA TOUKOM MaKCHUMyMa, €CIIU JJIS JIFOOOTO X U3 OKPECTHOCTH
TOYKH X0 BBITIOJHSETCS HepaBeHCTBO: f(xo) > f(X).
Onpenenenue: Touyka Xo HA3bIBAETCS TOYKOH MHHHUMYMA, €CITH IS JIFOOOTO X M3 OKPECTHOCTH
TOYKH X0 BBITIOJHSETCS HepaBeHCTBO: f(Xo) < f(X).
To4yky MUHUMYMa 1 MaKCUMyMa (YHKIIMU HAa3bIBAIOTCS TOYKAMU IKCTPeMyMa (PYHKIUH.
Touku, B KOTOPBIX IPOM3BOIHAS paBHA HYIIO UM HE CYIIECTBYET Ha3bIBAIOTCS
KPUTHYECKHMU TOUYKAMH.
CripaBeyivBa TEOPEMBI.
Teopema: Ecinu Xo — TOUKa 3KCTpEMyMa, TO TPOU3BOIHAS B 3TOM TOYKE paBHA HYJIIO, T.€.
f’(x)=0.
Teopema:
Ecnu B okpecTHOCTH KpUTHUYECKOH ToukH f ’(X) MEHSET 3HaK ¢ «+» Ha «-», TO 3Ta TOUKa
SIBIISIETCS TOYKOM MAaKCUMYMa, €CIIH C «-» Ha «+», TO TOYKOW MUHHMYMaA.
IMpaBui0 HaxoKIeHUs IKCTPeMyMoB pyHkuun Y = f(X) ¢ momoub0 npon3BoaHOM
Haiitn npousBoanyto ¢pynkiuu f’(x).
Haiitu kpuTHueckue TOUKH, T.€. TOUYKH, B KOTOPBIX MPOU3BOHASI PaBHA HYJIIO WM HE
CYIIIECTBYET.
HccnenoBaTh 3HaK MPOU3BOIHON B IPOMEXKYTKAX, HA KOTOPBIE HAalIEHHbIE KPUTHUECKUE TOUKU
nenst obnacte onpesencHus yukimu f(X).
Ecnu na npomexytke f ’(x) < 0, To Ha 3TOM IpoMeXyTKe (GyHKIIHS yObIBAaET; €CIH Ha
npomexytke f ’(x) > 0, To Ha ’TOM MPOMEXYTKe (PYHKIIMS BO3paACTAET.
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4.

5.

Ecnu B okpecTHOCTH KpUTHYECKOU TOUKH f ’(X) MEHSET 3HaK C «+» Ha «-», TO 3Ta TOYKa
ABIISIETCS. TOUKOM MaKCUMyMa, €CIIU C «-» Ha «+», TO TOUKOH MUHUMYMa.
Ornpenenutb TOYKM MUHUMYMa U MaKCUMyMa M 3aIlicaTh OTBET.

C nomMompio IMPUBCACHHOI'O aJiIrOPUTMAa MOXXHO HaAWTH HE TOJBKO OKCTPEMYMEI (bYHKI_[I/II/I, HO H

POMEXYTKH BO3PACTaHUS U YOBIBAaHUS (DYHKITHH.
[TPUMEP:

HaiiT mpoMesKyTKH BO3pacTaHus U yObIBAHMS; TOUKH dKcTpemyMa Gynxiun: f(x) = x3 — 3x2,

Pewenne:
Haitnem npoussomnyto pynkmuu: f’(x) = 3x% — 6X.
HaiiieM KpUTHYECKHE TOUKH , PEIIUB ypaBHeHHE 3x° — 6X =0;

3x(x-2) =0
X=0,x=2
Hccnenyem moBeieHHE MPOM3BOIHON B KPUTHYECKUX TOUKAX M HA MPOMEKYTKAX MEKIY HUMHU.
x (~,0) 0 (0, 2) 2 (2, +)
f'(x) + 0 2 0 +
f(x) T. max T. min
¥ 0 ™S 3 /'

Orger: OyHKIHS BO3pacTaeT mpun  ~ © (- o0; ) (25 4 )

dyHKims yoeBaer npu X € ©:2)
TOYKa MUHMUMYMa (QYHKIIMH X = 2; TOYKa MakcuMyma pyHKmn X = 0.
1. AaropurT™ HaXo:KIeHHsl HAM0O0JIbIIEro 1 HAMMEHbIIIero 3HAYeHUsI HelPepPbIBHOM
¢yHkuuu Ha oTpe3ke [a;b].
3anuiieM ajaropyuTM, MOo3BOJIAIOLUIMA HaX0AUTh HauOOIbIIee U HAUMEHbIIIEE 3HAaUEHUE
(GyHKINK Ha OTpE3KE.

1. Haxonum ob6sacTb onpeseneHus GYHKINU U IPOBEPSIEM, COAECPIKUTCS JIU B HEW BECh
otpe3ok [a;b].

2. Haxoaum Bce TOUKH, B KOTOPBIX HE CYIIECTBYET IepBasi MPOM3BOIHAS U KOTOPbIE
coaepxarcs B otpeske [a;b]

3. OmnpenensieM Bce CTallMOHAPHBIC TOYKH, TTOMaar0IIe B 0Tpe3ok [a;b]. J{ns atoro,
HAaXOJIUM TPOM3BOAHYIO DYHKIINHU, IPUPABHUBAEM €€ K HYIII0, PelIacM MOJTydeHHOE
ypaBHEHHE U BBIOMpAEM MOIXOASIINE KOPHH.

4. BpruucnseMm 3HaueHus1 (PyHKIUU B OTOOPAHHBIX CTAllMOHAPHBIX TOYKAX (ECIH TaKue
UMEIOTCA), B TOUKaX, B KOTOPBIX HE CYLECTBYET MepBast IPOU3BOIHAs (€CIIU TaKue
UMEIOTCS), a TAK)KE MpH X=a u X=b.

5. U3 momy4yeHHbIX 3HaUeHUH (YHKIIUU BbIOMpaeM HanOoJIbIlee U HauMEHbIIIee.

Paz6epem anropuT™ npu peleHuy mpruMepa Ha HaX0xkJIeHHe HauOOoJIbIIero 1 HAMMEHbIIETO
3Ha4YeHUs QYHKIUU Ha OTPE3KE.
[Tpumep.

Haiitu nanbosnpliee 1 HaUMeHblIIee 3HaYeHNE PYHKLIUU

Ha oTpe3ske [1;4];
Pemenue.
O6nacTteio onpeeaeHus GYHKIUN SBISETCS BCE MHOYKECTBO JICHCTBUTEIBHBIX YHCET, 3a

le_}':]: xe[—:-:;t]:]ulf_

0; + o0}
VCKJIIOUEHHEM HYJISA, TO €CTh = 77/, Oba oTpe3Ka IonajaaT B

00J1aCTh OTpeIeTICHUSI.
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Haxomum mpo 3B01{HVIO ‘T ]'7HKILI/II/I (IQ HDaTI/IrJ'I\{ jJ:[I/Id)d)epeHuHDOBaHHH Jpodu:

X’ +4 x*—lx"+4
y'= 3
J x
3 2y +4 2x  x°-8
x* x’

g

CrannoHapHble TOUKH ONPEAEIUM U3 YpaBHEHU X . EntuncTBeHHBIM
JICUCTBUTEIILHBIM KOPHEM SIBJISIETCS X=2. DTa cTal[MOHApHAs TOYKa MOIMaaeT B oTpe3ok [1;4].

Brraucnsem 3HayeHus Q)YHKLII/II/I Ha KOHIax OTpPE3Ka U B CTaHHOHapHOﬁ TOYKEC, TO €CTh
npu X=1, Xx=2 u X=4:

y (1) _1 +4 _s

L E

. 2744

)= EE -3
pa)=2 242

o 4° 4

maxv—vfl]—S
CreroBarenbHO, HanOoblIee 3HaYeHHE DYHKIIUH xell; 4] ,a HauMEHbIIIee
min y = vlf’f" =3

sHauenme X<l il

IIpuMeHeHre NPOU3BOAHOM K IOCTPOCHUIO rpauKoB PYyHKIUH
ITpu uccnenoBanuy CBOMCTB (PYHKIIMN HEOOXOIUMO HANWTH:

1) obmacTe ee omnpeneneHus;

2) MpOU3BOIHYIO;

3) cTaniMoOHapHbIE TOUYKH;

4) npoMeXyTKH BO3pacTaHUs U yObIBaHUS;

5) TOUYKHM SKCTpeMyMa U 3HaueHus! QYHKIMHU B 3TUX TOUKAaX.

ITpumep: Iloctpouts rpaduk pyHKIUN

y=x(x-2)%
Pemennue.
1. OGnacteio onpeneneHus GyHKIUU SBISETCS Bee AeiicTBUTEbHbIe YHCIa
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= 2x(x—- 0 422 x -2 =dx(x-20x -1
0

r
2. Haiiném nponsBoaHyto GyHKIMH =

-
3. Haiiném kpuTHueckue TOUKH, B KOTOPBIX TIPOM3BOAHAS PABHA HYMIO. +
Orotoukn Xx=0,x=2,x=1

4) OT™MeTUM 3TH TOYKH HA YUCIIOBOM OCH U OIPEIEIUM 3HAK IIPOU3BOIHON Ha MHTEpBAJIaX.

- + ) 2 y'(x)
X
e s S 1 ™ D - y(x)
Takum oOpazom: &= 0 - rouka MUHAMYyMa, &= 1 touka Makcumyma, &= 2 -

TOYKa MI/IHI/IMyMa.
»0)=0. y{)=1 »{2)=0
5) CtpouM rpa¥k Ha OCHOBAHUHM IIPOAEIAHHOTO UCCIEI0BAHUS
a1 ¥

s

< ™ 3 0T o7 0 1 2 3 i 5

1 BapuanT
1.OnpenenuTh MPOMEXYTKH BO3pacTaHus W yObiBaHus pyHkuuu Y=f(X), ucronb3ys aaHHBIC O

€€ IpOU3BOAHOU f'(x) (cM. Tabnuiry)

X (-00; -8) -8 (-8;0) 0 (0;8) 8 (8;0)
f'(x) - 0 + 0 - 0 +

2. Ilo rpadguky GyHKIUN HalWAMTE TOUYKU SKCTpEeMyMa, HauOoJjblllee U HaUMEHbIIee 3HaYECHUE

GyHKIHIH.
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3. Haiitu nmpomexyTku Bo3pacTaHus U yObIBaHUs PyHKIUU. TOUKH SKCTpeMyMa.
f(x) = x3+x%+16
4. Haittu nanOospIiee 1 HAaMMEHbIIIEe 3HAYCHUS (QYHKIINU:

f(x) = x*-2x+3 na orpeske [-4;3]

2 BapuaHT
1. VkaxuTe TOYKM MaKcMMyMmMa M TOYKM MuHUMyMma (ynkumu Y=f(X), ecnu nanHbie 0 €&

npou3BoaHOM f '(X) yKa3aHbl B TaOJIHIIE:

X (-0;-1) | -1 | (-1;0) [0 | (0;3) 3 (3;6) 6 (6;00)

f'(x) - 0 + 0 - 0 + 0 -

2. Tlo rpaduky QyHKIMM HalIUTE MPOMEXKYTKH, pH KoTophix T (X)>0. Haiizure HanGonkiee u

HauMEeHbIlIee 3HaYeHNE PYHKIINH.

\ 4

N VIl

3. Haiitu mpomexxyTku Bo3pacTaHusl U YObIBaHUSA (YHKIUHU. TOUKH dKCTpeMyMa.
f(x) =x3 +4x2-37

4. HaiiTn Hanbosnblliee ¥ HAUMEHbIIIee 3HAUeHUsT () YHKITUH:
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f(x) = x*-8x2+5 Ha orpeske [-3;2]

3 BapuaHT
1. Omnpenenute npoMexyTku Bo3pactanus ¢ynkuumu Y=f(X), wucnoms3ys naHHble 0 €€

MIPOU3BOJHOM f'(x) (cM. Tabmuiy)

X (0: 7) 7 [:6) 6 | (6:25) 25 | (25:0)
f'(x) + 0 - 0 + 0 i

2. Ilo rpadguky GyHKIUN HaWIUTE TOYKM SKCTpEeMyMa, HauOoJjbllee U HaHMEHbIlee 3HAUCHUE

GbyHKIHH.

\ 4

3. HaiiTu mpomMexyTku BO3pacTaHMsi W YObIBaHUSA (YHKIUHU. TOUKH d3KCTpeMyMa.
f(x) = 2x*-4x? +15
4. Haittu HanOosipliee 1 HAaUMEHbIIee 3HaYeHNs QYHKINU:

f(x) =x3-6x?+9 Ha oTpe3ke [-2;2]

4 BapuaHT
1. VkaxuTe TOYKM MakcMMymMa M Touyku MuHUMyMma ¢(yskumu Y=f(X), ecnm nanHble 0 €&

npoussoamoil f'(X)ykasansl B TaGmmite:

X («0:-25) |-25 | (-25:0) |0 | (0:10) 10 | (10;w)
f'(x) + 0 - 0 + 0 i

2. o rpaduky QyHKIMH HaiiuTe NPOMEXKYTKM, Hpu KoTophix T (X)<0. Haiimure HaubonbInee u

HaMMCHBIICC 3HAYCHUC (bYHKI_II/II/I
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N

3. HaiiTu mpoMeXyTKu BO3pacTaHus M yObIBaHUS (PYHKIUH. TOYKH S3KCTpeMyMa.
f(x) = x*-8x2

4. Haittu HanOoJsipliee 1 HaUMEHbIIee 3HAYCHUS (DYHKIIMU:

f(x) =x3+6x2+9X na orpeske [-4;0]

Kpurepun ouenuBanmsi:

Onenka O0ocHoBaHHeE OLICHNBAHUS

«OTINIHO» Bce 3aganus BBIIOJIHEHBI IPABUIIHHO
«Xopomo» [IpaBUIBEHO BBIMOIHEHHI JIIOOBIE 3 3aAaHUs
«Y 10BIETBOPUTEIIBHO) [TpaBUIIbHO BBIMOJHEHHI TIO0BIE 2 3a/1aHUS
«HeynoBneTBOpUTETBLHO [IpaBUIIEHO BHITIOJIHEHO MeHee 2 3aaHui

Ilpakmuueckasa paooma Ne33 Tpenaxrcepvt no meme: Ilpuknaousie 3a0auu

3adaua o cune 3n1eKmpuyecKo20 moka.
[Tycte q=q(t)-konu4ecTBO 3MeKTpHUECTBA (B KYJIOHAX), IPOTEKAIOIIEe Yepe3 MONEPEIHOe
CeueHHe MPOBOJIHUKA 3 BpeMsl t; KOJIMUYECTBO JEKTPUYECTBA €CTh GyHKLUSA BpeMeHH. Jlis
OTIpeIeNIeHUs] CKOPOCTH U3MEHEHHsI KOJIMYECTBA 3JIEKTPUYECTBA C TEUEHUEM BPEMEHU
MOJIB3YIOTCS MOHITHEM CHITBI TOKa. O003HauUUM Aq KOJIMYECTBO 3JIEKTPUUECTBA, IPOTEKAOIIEe
4epe3 yKa3aHHOE CEUEHHE 32 MPOMEKYTOK BpeMeHHU At oT MoMeHTa t 1o MOMeHTa t+At.
Ag
OtHomenne AL paspiBaeTcs cpeaHeil cuitoil Toka 3a Bpems ot t 1o t+At u 06o3HadaeTcs Jop. B
ClIy4ae MOCTOSIHHOTO TOKa Jep OyneT noctosHHoM. Ecnu B nenu nepeMeHHbIi ToK, To Jop OyaeT
pa3uYHa IS pa3IMYHBIX IPOMEXKYTKOB BpeMeHH. [103ToMY AJ1sl IIenn IepeMEeHHOTO TOKa
BBOJIAT TIOHSATHE CHJIbI TOKa J B TAaHHBII MOMEHT BpPEMEHH t, ONIPEIENINB €€ KaK Mpeien cpeaHen
CHUJIBI TOKA 3a IPOMEXKYTOK BpeMeHH OT t 1o t+At, ecnu At—0.
lim Ag
J=At =0 At 1e J(t)=q'(1).
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3adaua 0 ckopocHu XuMu4ecKol peaKuuu.
[Tycth mana ¢pyHkims m=m(t), rae M - KOJUIECTBO HEKOTOPOTO BEIIECTBA, BCTYMUBIIETO B

XHMUYECKYIO PEaKIIMI0 K MOMEHTY BpemeHH t. [Ipupamenuro Bpemenu At Oyaer
Am

COOTBETCTBOBATH MpHpameHue Am Benuunasl m. OtHomenne AL -cpeqHss CKOPOCTh
XMMHYECKON PeaKIMuy 3a MPOMEXYTOK BpeMeHH At. [Ipenen 3Toro oTHOIEHUS MPU CTPEMIICHUU
lim Am

At k Hymo, T.e. At = 0 Al ecTp CKOPOCTH XMMUYECKON PEAKIUK B JAHHBIA MOMEHT

BpeMeHu t,V=m'(t).

W3 paccMOTpEHHBIX BBIIIE 33]1a4, TPUBOIALINX K MOHATHIO IPOU3BOAHOM, CIIEAYET HECKOIBKO
BBIBOJIOB!

CKopoCTh MPSMOJIMHEHHOTO JIBUJKEHUSI €CTh POM3BOIHAS IMyTH S=S(t) Mo BpemeHu t,

T.e. V=S'(aHaJIOTUYHO YCKOPEHHE €CTh MPOU3BOIHAsA CKopocTH a=V'). B aToM coctout
MEXaHUYECKUN CMBICI MPOU3BOIHOI.

CKopoCTh XMMHUYECKOH peakliMM €CTh IPOU3BOAHAsI KOJIMYECTBa BelecTBam=m(t) 1o BpeMeHH {,
T.€. V=m/(t).

CxopocThb pocTa NOMYIALUN €CTh MPOU3BOIHAS pa3Mepa NOmyJsiiuu p=p(t) Mo BpeMeHu t,

T.e. V=p'(t).

CKOpoCTh pOCTa YUCICHHOCTH HACEJICHUS €CTh MPOU3BOIHAS OT KOJIMUECTBA HaceneHus A=A(t)
o BpemeHu t, T.e. V=A'(t).

Cuna nepeMeHHOTO TOKa J €CTh MPOU3BOIHAS KOJIMUYECTBA dIEKTpruecTBa q=q(t) mo Bpemenu t,
T.e. J =q'(¢).

YrnoBoit k03¢ HUIHEHT KacaTenbHOH K KpuBOi y=f(X) B TOUKe ¢ abCIMCCOM X0eCTh
npousBogHas f'(xo). B 3ToM cocTouT reoMeTpuuecKuii CMbICI TPOU3BOJHOM.
[TpousBoauTenbHOCTH TpyAa f(t) ecTh mpousBoaHAs OT BhIpaOoTKH nmpoaykuuuF(t) mo Bpemenu t,
1.e. f(t)=F'(t).

IIpuMepbl.

1. Ecoiu momymsnust B MOMEHT BpeMeHH t HacuuTeiBaeT P(t)=3000+100t? ocobeii (tusmepsiercs B
qacax), TO CKOPOCTb pocTa NMomynauuu ectsb p'(t)=200t.

CKOpOCTh pocTa MOMYJISALUU YBEIIMIUBAETCS CO BPEMEHEM.

Ecnu t=5, To ckopocthb pocta coctaisier p'(5)=200-5=1000 ocobeii B uac.

Ecmu t=10, To p'(10)=200-10=2000 ocobeii B yac.

II. Paketa npu ABM)KEHHM COBEpPILACT KojebaTeabHOE IBUKEHHE BOKPYT CBOEH OCH 110

a(t) = 4sin[ f + 3t

}()

3aKOHY ] HaiiTh yrioByro cKOpOCTb U yCKOPEHHUE IBUKEHUSI B MOMEHT

[I:I = C
BpEMEHU 2 | JlaTh XapaKTepUCTUKY JBUKEHHS.

Ml)=(l’(l)=l2c0s(£+3l}
Pemenue: 6

t)=12cosl Z+% |=12sin % =6
anty) st

<

(pan/c)
()= &' (t) = —I&(isin[% +3t ]

€

(t,) = —36sin| Z + % = 36cos X = 36- Y3 =183
. 6 2 6
w(t) # const, £(t) # const

(paz[/cz)
HEPaBHOMEPHOE JIBIKCHUE
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Fa Fra

OTBerT: a{ 2 ]=6 pan/c, s[ 2 ]218 V3 pan/c?.
1

I11. Iyns, monazas B TBEpAOE TeNO, ABMXKETCA B HeM Ho 3akony S(t)= K In(1+kVot), rae Vo -
CKOPOCTh, C KOTOPOH IyJIsi BXOJHT B TEJIO, K — MOCTOSIHHAS TIOJIOKHUTEIbHAS BETUYHHA.

Pemenue: V(t)=S'(t)

[lln(l + kV,Jt)) - kVo — V‘"’
V(t)= k _ k(1+kV,t) 1+ kVt
, v, KV, -V, TR
a(t)y=Vv'(t),a(t)=| —— | =———""— =—k- 0 =—k- -V~
1+ kV,t L+ kV, )’ 1+ kV,t

V.

0

Ortsert: V= L+ kVit ca=-k-V2.

IV. MarepuanbHas To4Ka ABHKeTCS BA0Ib ocu OX coryacHo 3akoHy X(t). Haiitu ckopocTs u
YCKOPCHUC IBUIKCHUA B HavaJIbHBIA MOMEHT BPCMCHHU. Onucatb XapaKTEp ABUKCHUA U

CXCMAaTHYCCKH I/I306paSI/ITb JABHXXCHUC MaTepHaHLHOﬁ TOYKH, CCIIN:

3 5,
—8t+—t
a). x(t)=4 6
V(t) = x'(t) = -8+ S V(0)=-8
3 (m/c)
5 5
a(t)=V'(t)=-a=
3 3 (m/c?)
. V.
4 x

o
PaBHO3aMenIeHHOE JBHUKEHUE B CTOPOHY, IIPOTHUBOIIOJIOXKHYIO OCHU OX.

x(£) = /3 +5¢ + %r"

V(t)=x'(t)=5+t; V(0) 5 (m/c)
a(t)=V'(t)=1; a=1 (m/c?)

__| L’;::l.\.'

- X
a
PaBHOyCcKOpeHHOE IBUKEHME B CTOPOHY ocu OX.

3:" - ?r ~ 245
B). x(t)=-4 2 ;
3 7 7
+=t

r
Viy=x'(t)=-2 2 ;V(0)= 2 =3,5(m/c)
a(t)=V'(t)=-1,5; a=-1,5 (m/c?)
C qux
X

[
PaBHO3amMenneHHOE IBM>KEHUE B CTOPOHY ocu OX.
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V. MarepuanbHas TOUKa ABMKETCS IO NPSIMOM. Y paBHEHUE JBUKCHUS: S(t)=r ’ 2 Pt
(m). Haiinure ee ckopocTh B MOMEHT BpeMeHH t=3 (¢). B kakoit MOMEHT BpeMeHU yCKOpEHUE
Oyner paBHO 9 M/c2?
Pemrenue: a). V(t)=S'(t)=3t>-3t+2;
V(3)=27-9+2=20 (m/c).
0). a(t)=V'(t)=6t-3;
6t-3=9; 6t=12; t=2 (c).
Otsert: V(3)=20 m/c; a=9 M/c?> B MOMEHT BpeMeHH t=2c.
VI. TeBepaoe Teno BpauiaeTcsi BOKpYr HEMOABUXHON OcH 110 3akoHY ¢(t). Haiitu yriosyro
CKOPOCTb U YIJIOBO€ YCKOpPEHUE IBUKEHUS. JaTh XapakTepUCTUKY IBUKEHUS, €CIIU:

- E oo,

oy
B

£,

a) p(t)=12t+4

a(t) = @'(t) =12(pad/c)

E(t)= CEJ"{T] =0

(= const

E=0 PaBHOMEpHOE BUKEHHUE 110 OKPY>KHOCTH.

6). p(t)=5t3+6t

a(t) =@ (t) =15t +6

E(t)= @' (t) = 30t

(1 # Const

€ = CONSI HepapaoMepHOE IBMKEHHE MO OKPYKHOCTH.

B). (t)=2t>+8t

at)=¢'(1) =4t +8

E(t)= a'(t)=4

(1 # Const

€ # CONSI PapronepeMeHHOE IBHKEHHE 1O OKPYKHOCTH.

VII. Tesno maccoit 5 Kr ABMKETCS psiMoTiHERHO 110 3akoHy S(t)=(5-t)(2t-6)+50. Haittu

KWHETUYECKYIO SHEPTHIO Tella Yyepe3 2 ¢ MOciie Havaa JABHKECHUS.
mv*

Pemenue: Ex= 2

V(t)=S'(t)=-(2t-6)+2(5-t)=-2t+6+10-2t=-4t+16

V(to)=-4-2+16=-8+16=8 (m/c)

264 _ < 37 160

E= 2 ()
OtBeT: E=160]1x.
VIII. MarepuanpHas Touka Maccoi 10 Kr IBMXETCs] MPSIMOJIMHEWHO 110 3aKOHYS(t)=

. 5t
2t = ——=Tt+3
2 . HaliTi ckopocTh U cuity, IEHCTBYIOIIYIO Ha 3TY TOYKY B MOMEHT
BpeMeHHU t=1c.

Penrenne: F=ma
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V(t)=S'(t)=6t>-5t-7
V(to)=6-5-7=-6 (m/c)
a(t)=12t-5; a(to)=12-5=7 (m/c?)
F=10-7=70 (H)
Otset: F=70 H.
Kl

IX. Temneparypa Tela H3MeHseTCs B 3aBUCHMOCTH OT BpeMeHH 1o 3akony T=100-t +1
a). KakoBa ckopocTh u3MeHeHus: TeMIepaTyphl Tela B MOMEHT BpeMeHu t=1c?
6). B kakoif MOMEHT BpEMEHH CKOPOCTh N3MEHEHHs TeMiepaTypsl paBHa 4° B cexyHry?

, 4 ’ - 4
T'=——iT ()= —— =—=1"
(t+1) a+1n° 4

Pemenue: a)
4

6) (t+1) (t+1)%=16; t+1=4; t=3 (c)

OTBeT: a) CKOpOCTh U3MeHeHus Temneparypsl 1° B cek.

6) CKOpOCTh M3MeHeHHs TeMiepaTyphl 4° B cex JocTUraeTcs B MOMEHT BpEMEHH 3C.

(B cex)

1 Bapuant

2
1. MartepuanbHasi TOYKa IBHKETCS IO IPSIMOiL cormacHo 3akony S(t) =12t — §t3, rae S(t)

- yTh B MeTpax u t — Bpems B cekyHJaxX. B kakoil MOMEHT BpeMeHH U3 IPOMEXKYTKA
[4;10] ckopocTh ABMKEHUS TOUKH Oy/IeT HauOOJIbIIEH 1 KaKOBa BEIMYMHA STOM
cKopocTu?

2. UYwmcno 24 npencraBbTe B BUIE CYMMBI IBYX HEOTPHUIATEIBHBIX CJIAraeMbIX TaK, YTOOBI
CyMMa KBaJIpaTOB ATHX YUCEN ObLIa HAUMEHBIIICH.

3. OTKpBITHIN Oak, UMEIOIINN (HOPMY MPSAMOYTOIBHOTO IMapaJIeNIeUIea ¢ KBaJIpaTHBIM
OCHOBaHUEM, JIOJDKEeH BMenIaTh 13,5 i xuakoctu. [Ipu kakux pazmepax 0aka Ha ero
U3TOTOBJICHHE MOTPeOyeTCsl HauMEeHbIlIee KOJINYeCTBO MeTaa?

2 BapuaHT

1. CxopocTb MaTepHalbHOM TOUKH, IBUKYIIEHCS MPSIMOJIIMHENHO, U3MEHSIETCS 10 3aKOHY
1,
v(t) = gt —12t (ckopocTh M3MepsieTcs B MeTpax B CEKYHIY). B Kakoit MOMEHT BpeMeHH

YCKOPCHUC IBMIKCHUA 6YI[€T HaMMCHBIINM, €CJIM ABUKCHUC paCCMaTpuBaTh 3a
npomMexyTok ot 10 ¢ no 50 c?

2. Yucno 4 npeacraBbTe B BUJE CyMMBbI IBYX HEOTPHUIATEIbHBIX CIIAraeMbIX TaK, YTOOBI
NPOM3BEACHUE STUX YHCEN OBUIO HAUOOIBILINM.

3. U3 kpyrioro 6peBHa BeIpe3atoT OAJIKY C MPSIMOYTOJIbHBIM CEYEHHEM HauOOJIbIIei
momaau. Haiigure pa3mepsl cedeHus 6aku, eciii paanyc cedeHus: OpeBHa paBeH 20 cwm.

Kpurepun onenuBanus:

Ouenka O0ocHOBaHME OLICHUBAHUS
«OTA4HO» Bce 3ananus BBINOIHEHBI IPABUIILHO
«Xopomo» [IpaBHJIbHO BBINOIHEHBI JIOOBIE 2 3a/1aHUS
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«Y IOBJIETBOPUTEIBHO [TpaBunsHO BhIMOMHEHO 1 MH000€ 3a7aHNE

«HeynoBneTBOpUTEIBHO» He BBIIOIHEHO HU OJIHO 3aaHuE

Ilpakmuueckasa paooma Ne34 Tpenasrcepvt no meme: Illepeooodpasnasn
NepsBoobpa3Han

* ®yHKuma F(x) Ha3biBaeTca nepsoobpasHon
ana dyHkumm f(x) Ha gaHHOM NpomexkyTKe,
ecnu ansa noboro X U3 3Toro NPOMENKYTKa
F'(x) = f(x).

* Mpumep:

NepsoobpasHon ana dyHkumm f(x)=x Ha Bcen
yucnoson ocu asnnetca F(x)=x/2, nocKonbKy

(x2/2)'=x.
TABJIULIA IIEPBQQBRABHI)I_X -
Dynxims f{x) ITepBoobGpa3nas F(x)
k kX+C
1 xn‘.‘l
xl’l -
1 i +c, n#-1
= In|x|+c
X
sin X -COS X +¢C
cos X sin x +¢
1
cos® x e
1 |
— - ctg x+c
sSin” x | |
ex [ ex+C |
ax \ a +C
1 , Ina
1+X2 arctg X+C
- l T
-~ arcsin x +c
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1 BapuanT

1. SBnserca mu QyHKIHS

F nepBooOpaznoii mns GpyHkumu fHa ykazaHHOM TPOMEKYTKE:

a) F(x)= x>, f (x) = 5x*, Xe (—o0;+0) ;
6) F()= _%X_6, f(X)=x", xe(0+w0);
B) F(X)=5-x*, f(X)=4x%, xe(-0c+x0);
r) F(x)=cosx—4, f(x)=-sinX, Xe (—oc;+m).
2. HaiiguTe o0muii BU IEpBOOOPA3HBIX IS (PYHKITHIA:
) f=2-x"
0) f(X)=x+cosx;
B) f(X):2—X3+%;
X
4 2
r) f(x)=—=- +2X.
) T Jx  cos? x
1 BapuanT

1. SBnsercsa mu QyHKIHS

a) F(x)=x3°, f
6) F(X) :%x7,

B) F(Xx)=3-sinx,
r) F(X)=x?+2,

F nepBooOpaznoii ms GpyHkumu fHa yka3aHHOM TPOMEKYTKE:
(X)=-3x", xe(0;+x);
f(x)=x°, Xe(~o0o;+0);
f(x)=cosXx, Xe(—ow+x);

f(x):z—)l(a, X & (0:+o0)

2. Haiinure o6uuii Bu nepBooOpasHbIX i GyHKIMMI:

a) f(x)=x"+3;

0) f(x)=sinx—-4;

B) f(x):4+x4—%;

X

6 3
f(X)=—=-——+4x

ALY Jx  sin?x

Kpurepun ouennBanus:

Onenka O0ocHOBaHNE OLICHUBAHUSA
«OTnuyHO» Bce 3aanus BBIMTOTHEHBI TIPABUIILHO
«Xoporio» [TpaBUIIbHO BBITIOHEHHI TFO0OBIE 6-7 3aTaHMs

((y)IOBJ'IeTBOPI/ITeHBHO»

[IpaBunBHO BBITIOTHEHHI JIIOOBIE 4-5 3aMaHus

«HCy,Z(OBJ]eTBOpI/ITeJIBHO»

HpaBI/IJ'IBHO BBIIIOJIHEHO McHee 4 3aJaHui
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Ilpakmuueckan paooma Ne35 Tpenaosicepvt no meme: Ilnowaou naockux guzyp

BBr4ucisaTh NII0maan miIocKux (puryp, Kotopsie orpaHnyeHs! ocbto abenuce (0X),
OTpe3KaMH MPSIMBIX X = &, X = b 1 rpadrikoM HenpepbIBHOM 1 HEOTPHIIATEIBHON
bynkun y = f(X) i 3HaueHnii "ukca", npuHaUIeKAKX OTpe3Ky [a, b]. Takas durypa
Ha3bIBACTCSl KPHUBOJIMHEHHOM Tparerueii. BOKoBbIe OTPE3KH MOTYT BBIPOXKAATHCS B TOUKH.
[TprMeps! TaKUX GUTYP - HA PUCYHKE HUKE.
o\ y

1 |

e\
AL\ \\
) 1

N

\

\|
o 1 2 3 4 x

[Tnomaae S 3T0i KPUBOJIMHEHMHON Tpanelui MOKET ObITh BbIUKCIIEHA IO JopMyIie

2 (1).
Hrak, onpeneaéHHbII HHTErpaj OT HEOTPULIATEIBHOW HETIPEPHIBHOI
dynkimu f(x) mo [a, b] (rpaduk dpyskuK pacnonoxex Boie ocd OX) YHCJIEHHO paBeH
IJIOINA/IM KPHBOJMHEHHOI Tpamenun ¢ ocHOBaHKeM [, b], orpaHnveHHOI cBepXy rpagukom
dyukimn y = f(X). B aToM 3akirouaeTcsi reOMETPHUYESCKUI CMBICI ONPECIEHHOTO HHTETPaJIa.
Pucynku Takux ¢uryp - B npumepax.
Eciu ke f(X) <0 (rpaduk ¢yHknnu pactosioxer Hibke ocd OX), TO muIomaab KPUBOJIHHEHHOi
Tpamenuu MOXET ObITh BEIYMCIICHA TI0 (hopMyIIe

2

F= —I i [x:l dx
: .(2)

Ectb emé cmyuau, Korja u BepXHsisi, U HUKHISI TPAHULIBI QUTYPHI - QYHKINU,

cootBeTcTBeHHO Y = f(X) 11 Yy = ¢(X), TO MIOIIah TaKOH GUTYPhI BEIYKCISIETCS MO (hopMyIie

b b
g= .I-f[x:lcix—.l-:r[x:l dx

a a . (3)
TakuMm oOpa3om, BbIYHCIEHUE IUI0MA/1el MI0CcKuX GUryp - oJHa U3 BaKHEHIINX MPUKIATHBIX
3a/1a4, B KOTOPOH onpeaeJéHHbIi HHTEerpaj HaXoIuT HanOoJiee TI0J0TBOPHOE TPUMEHEHHE.
Bce Mbl n3yuanu cBeieHUs U3 3JIEMEHTAPHOM Tr€OMETPHUH, KOTOPBIE MO3BOJISIIOT BBIUUCISATh
TJIOIA U TIPSIMOJIMHEUHBIX (QUTYD - MPSMOYTOIFHUKOB, TPEYTOJIBHIKOB 1 MHOTOYTOJIbHUKOB.
UYro xe KacaeTcsi KpUBOJIUHEHHBIX QUTYp, TO 3/1€Ch JJIsi HAXO0XKICHUS TUIOIIAU CPEICTB U3
AJIEMEHTAPHOU TEOMETPUH YKe€ HeoCcTaTouHO. MTak, k meny. Ydumcst IpuMeHSTh TO, 4TO
M3JI0KEHO B CAMOM BEpPXY 3TOM CTaThH.
Haunéwm co cimydaeB, kora miomaas (GUrypbl MOKET OBITH BeIuuCIeHa o popmye (1).

1

IIpumep 1. Haittu nnomans Gurypsl, orpaHuueHHON rpadgukoM QyHKINUN X, ochlo abcuuce
(OX) 1 mpsimbiMu X = 1, X = 3.
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Wtain

X

Pemenne. Tak kak y = 1/X > 0 Ha otpeske [1; 3], To muromnaip KpUBOJIMHEHHOM Tparelum
Haxoaum 1o dopmyite (1):

3 3
S=Iﬁ=lnx
1 X

=ln3wa1 099 I:KB. E,u;.)

1

Ipumep 2. Haiitu momans GUrypsl, orpaHu4eHHON TpaduKoM QyHKIUN Y=
npsimoii X = 1 1 ockro abcrmcc (OX).

a0,

n
1
y
o
0| 1 X

Pemienue. PesynbraT npumenenus popmyisl (1):

1 x.x+1 1
5= Ix“dx: ,1:,: S
o a+1 a+1
Ecmmn a=1, T0 S = 1/2; ecnm a=e, T0S =1/3, u T.71.

IIpumep 3. Haiitu miomane Gurypsl, orpaHu4eHHON TpapukoM QyHKIUN = ""E , OCBIO
abcuuce (OX) u mpsimoii X = 4.

\\\,\\2\\\3\\\

Pemenne. @urypa, COOTBETCTBYIOIIAs YCIOBUIO 33/1a4M - KpUBOJIMHENHHAS Tpanenus, y KOTOpon
JIEBBIA OTPE30K BhIpoAMIICS B TOUKy. [Ipenenamu nnrerpupoBanus ciayxat 0 u 4.

0 x

[Tockonbky Jr 20 , 1o opmyne (1) HaxoUM IIIOIIA/ (b KPUBOJIMHEHHON Tpaneuuu:
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1 BapuanT

Brruucnute miuomaabs GUrypsl, orpaHU4eHHOM TUHUSAME (TIPEABAPUTEIBHO ClIETIaB PUCYHOK):

a) y=x"+2, y=0, x=

0, x=3;

06) y=cosx, y=0 x=0, x=—;

2
B) y=x*+1, y=0, x=0, x=2

r) y=—; y=0, x=1
2 BapuaHT

a) y=x"+3, y=0, x=

0) y=sinx, y=0, x=0, X=umx;

B) y=2+x% y=0, x=
3

r =—; =0, x=1

)y 7x y

Kpurepun onenuBanus:

0, x=3

Onenka Oo6ocHoBaHNE OLICHNBAHHSA
«OTJ’II/I‘IHO» BCC 3aaHUS BBIITOJIHCHBI HpaBI/IJ'II)HO
«Xopomuo» [TpaBUIIbHO BBINOJHEHHI TIO0BIE 3 3a/1aHUS

«Y IOBJIETBOPUTEIBHO

[IpaBUIBEHO BBITIOIHEHHI JIIOOBIE 2 3aaHUs

«Hey,Z[OBJ'IeTBOpI/ITeJ'IBHO»

HpaBI/IJ'IBHO BBIIIOJTHEHO MEHee 2 3aJaHui

Ilpakmuueckasa paooma Ne36 Tpenayxcepvt no meme: Teopema Horomona-Jleiionuua

Onpeoenenue 1. durypy, orpannueHnyro rpapukom byukimu Y =f (t) cBepxy, orpeskom

[a, b] cHu3y, a cipaBa u cieBa oTpe3kamu npsiMbix t=a u t=Db (puc.2),
HA3bIBAIOT KPUGOJIUHEIIHOU mpaneyueil.
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https://www.resolventa.ru/spr/matan/function_property.htm#fpr6

YA

y=f(t)

Puc.2
Onpeoenenue 2. Yncno, paBHOE TJIOMIAIN KPUBOJIMHEHHOM Tparenuu, n300pakeHHON Ha
PHCYHKE 2, Ha3bIBAIOT onpedenieHHbim unmezpanom ot pyukuuu f(t) B mpenenax ot a 10
b u o6o3HayaroT

Tf(r) dt

®opmyna (1) untaercs tak: «Muterpanor a g0 b or pyakuuu f(f) mo dt»

Onpeoenenue 3. B popmyne (1) pyukuuto f(f) Ha3wpIBalOT nodbiHmMeEzpanbHOil
dynkyuen,nepeMeHnyo t{ Ha3BIBAIOT HEPEMEHHON UHMEZPUPOBAHU, OTPE30K

[a, b] HasbIBarOT ompesxkom unmezpuposanus, AUcio b HA3BIBAIOT 8EPXHUM NPEOEIOM
UHMEeZPUPOBAHUA, A YUCTIO 8 — HUNCHUM RPeOesioM UHMEeZPUPOBAHU.
Ilpouseoonasn om onpedenennozo unmezpana no eepxuemy npeoesy

Ecnu 0603Haunts S (X) rmuiomiaabp KPUBOJIMHEHHON TPANCIUU, OTPAHHYCHHON ¢ OOKOB

oTpe3skamMu npsiMbix t=a u t=X (puc.3),

YA

y=1(t)

5(x)

Puc.3
TO OyneT cripaBeuiuBa hopmyna

S(x)= ] £ (t)d

Teopema 1. lIpovi3BoaHAs OT ONPEAEICHHOIO HHTErPAJIA 10 BEPXHEMY MPEAeITy
WHTETPUPOBAHUS PaBHA 3HAUEHUIO MOJIBIHTETPATbHON (DYHKIIMU B BEPXHEM Mpeielie
HHTErpUPOBAHUS.
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https://www.resolventa.ru/spr/matan/integral.htm#int6
https://www.resolventa.ru/spr/matan/tangent.htm#derivative1
https://www.resolventa.ru/spr/matan/integral.htm#int1
https://www.resolventa.ru/spr/matan/function.htm#f1

Jpyrumu cioBamu, cripaBeyinBa Gopmya
: d7
$(0)= 5|1/ 0=/ ()

Jlokazamenvcmeo. V13 hbopmyiel (2) ciaenyer, 4To
T+
S(x+Ax)= | f(1)dt,
)

rae yepe3 AX 0003HAUCHO IpHpalleHrue aprymMmenTa X (puc. 4)
YA

Puc.4

N3 dopmyn (3) u (2) momxydaem, 4To

B By

1 BapuanT

Breraucnute HUHTCIpal:
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https://www.resolventa.ru/spr/matan/derivative.htm#der1

1) j'xf’dx;
-

3
2) J-Sil"l x dx;

2 BapHMaHT

Brerunciure nnaTerpan:

1
1) _[ 4x3dx;
2

2) icos X dx;
(0]

3) jSde;
[0}

dx

sin?x’

—0|N

4)

oy

5 | (3-x?)dx

o —y N

3 BapuaHT

Brraucnure unTerpan:
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5) j-(6x2 — 2)dx

4 BapuaHT
Bprunciure nnaTerpan:

1 jide;
-2

2) | cos3x dx;

oy ==y

3) j.7xdx;
o

2 dx

1) >
COSs™ X

\
w\ﬁ'.'wm

5) j.(3x - 7x°) dx

Kpurepun onenuBanus:

Onenka O0ocHOBaHNE OLICHUBAHUSA
«OTJ'H/ILIHO» BCC 3aaHUS BBIITOJIHCHBI HpaBI/IJ'II)HO
«Xoporio» [TpaBUIIbHO BBITIOHEHHI TFOOBIE 4 3a1aHUS

((y)IOBJ'IeTBOPI/ITeHBHO»

[IpaBuUIBEHO BBITIOTHEHHI JIIOOBIE 3 3aMaHUs

«HCy,Z(OBJ]CTBOpI/ITCJIBHO»

HpaBI/IJ'IBHO BBIIIOJIHEHO McHee 3 3aJJaHui
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Ilpakmuueckasa paooma Ne37 Tpenaycepvt no meme: IIpocmpancmeennvie mena

[TomMrMO HAXO0kKAEHHMS MJIOIIAAM IJIOCKON (GUIYPBI ¢ IOMOLILIO ONPeIeJIeHHOI 0
HHTErpajaBaXHEHIINM IPUIOKEHUEM TEMBI SBIISIETCS BBIYMCICHHE 00beMa Tesia
Bpaienus. Marepuai npocToii, HO YMTATEIb JO0JDKEH OBITh MOATOTOBICHHBIM: HEOOXOIMO
YMETh pelIaTh HeonpeaeJeHHbIe HHTerpajibl CPEIHEN CII0)KHOCTU U IPUMEHSATH GopMYy.JTy
Hbrorona-Jleiitonuna B onpeaeseHHOM nHTerpaJe. Kak u /s 3aaun HaX 0k 1CHUS
IJIOIIAIM, HY’KHbBI YBEPEHHBIE HaBBIKM MIOCTPOCHMS YEPTEKEN — 3TO UYyTh JIM HE CAMOE
BaXKHOE (IIOCKOJIBKY MHTErpajbl caMy 10 cede vaie OyayT j€rkumu). OCBOUTh IPaMOTHYIO U
OBICTPYIO TEXHUKY OCTPOEHUS I'pa)KOB MOYKHO C MOMOIIBI0 METOINYECKUX
Matepuanos I'pa¢ukn u cBoiicTBa JiieMeHTapHbIX pyHKkumii u I'eomeTpnueckne
npeodpa3zoBanusi rpagukoB. Ho, coOCTBEHHO, 0 BaXKHOCTH YEPTEXKEH s YK€ HEOTHOKPATHO
roBopuil Ha ypoke OnpeaesieHHbIii HHTerpai. Kak BoIYMcIUTD I10IaAb (PUTYPBI.

Boo0611e B MHTErpajlbHOM MCUUCIIEHUU OYEHb MHOT'O MHTEPECHBIX MPUIIOKEHHH, C ITOMOLIbIO
OIPCACIICHHOI'O MHTCrpajia MOKHO BbIYHCIWTD IIOIIA/1b q)HprBI, 00BeM Tenna

BpalLEHUs], JNIMHY AYTH, IUIOIAb IOBEPXHOCTH BpalleHus: U MHoroe jpyroe. [loatomy
OyzeT Beceno, MoKamylicTa, HACTPOUTECh HAa ONITUMHUCTHYHBIN a1/

[IpencraBpTe HEKOTOPYIO IUIOCKYIO (GUTYPY HA KOOPAMHATHOM 1ockocTH. [peacraBmmm? ...
WuTepecHo, k1o uto npeactasuil... =))) E€ mnomans Ml yxxe Haxoawiu. Ho, kpome Toro,
JTaHHYIO (UTYpY MOXKHO e U Bpamarh, IpUYeM Bpamarh JByMs CIIOCOOaMHU:

— BOKPYT ocH adcuuce QX ;

— BOKPYT OCH OpPIAMHAT or

B nannoii ctathe OynyT pazodpansl 06a ciydas. OcoOOEHHO HHTEPECEH BTOPO CIOCcO0
BpAIIICHHUsI, OH BBI3BIBACT HANOOJIBIIIHE 3aTPYIHEHUS, HO HA CAMOM JIeJie peIICHHE

MPAKTUYCCKU TAKOC K, KaK U B Ooiee PacnpoCTPpaHCHHOM BpalllCHUH BOKPYT OCH a6CI_II/ICC. B
Ka4deCTBC 60Hyca s BEPHYCH K 3aa4€ HAXO0KACHUSA TI0IAAH (l)l/ll"ypl)l, H paCCKaxy BaM,

KaK HaXOIUTh IUIOMAaAb BTOPBIM CIIOCOOOM — IO OCH oY . I[ance HC CTOJIBKO 6OHYC, CKOJIBKO
Marcepurajl ygadyHO BIIMCBIBACTCA B TEMY.

Haunewm ¢ HanOosnee nomynsipHON pa3sHOBUAHOCTH BPALICHHUS.

Borunciaenune oobeMa TeJa, 06pa30BaHHOFO Bpall€eHUuEM

IUIOCKO# (pUTypbI BOKPYT OCH QX
ITpumep 1

Brrunciuts 006eM TCJIa, MIOJTYYCHHOI'O BpallICHUEM (I)I/IprBI, OFpaHH‘{eHHOf/'I

y=2x-zx°

JIJMHUAMHU ) Y= 0 BOKpYT OCH GIX

Pemenue: Kak u B 3aaa4€ Ha HAXOXJICHUC TIOIIa/n, PCIICHUEC HAYUHACTCH C YEPTEKA

10ckoi ¢urypsl. To ecTb, Ha IIIOCKOCTU AOY Heobxommmo HOCTPOUTH HUrypy,

— - = =
OIrpaHUYCHHYIO JIMHUSIMU Y= Zx-x ) F 0 , [IPU 3TOM HC 38.6LIBaCM, 4YTO YpaBHCHHUC ' 0

samaér ocs 04 | Kax panroHaigbHee U ObICTpee BBIOJIHUTH YEPTEX, MOXKHO Y3HATh Ha
crpanuiax I'paguku u cBoiictBa JdiieMeHTapHBIX pyHKkuMil 1 OnpeneaeHHbIN HHTErpaJl.
Kak BpruncanTs miomaaps Gurypbl. OTo KUTaliCKOE HAIIOMUHAHUE, U HA TAHHOM MOMEHTE
s 00JIbIIIE HE OCTAHABIIUBAIOCH.
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UepTréxk 31€Ch JOBOJIBHO IIPOCT:

¥ § § i
e
WEN N Y .

5 5 7! :

P o= 2 —x :

----- (0 N .- . 0. SO
- x

i i

Hckomas mutockast purypa 3aliTpuxoBaHa CHHUM [[BETOM, MMEHHO OHA U BPAILlAeTCs BOKPYT
ocu O4 B pe3yibTaTe BpalleHUs N0JIy4aeTCs TaKasi HEMHOI'O SIUIEBUAHAS JIETAIOIIAS

Tapeiika, KOTOpasd CUMMETPHUYHA OTHOCUTCIIBHO OCHU QX . Ha camom nene Yy TCJ1a €CTh
MAaTEeMaTHUCCKOC HAa3BAHUC, HO 110 CIIPABOYHUKY YTO-TO JICHb YTOYHATH, IO3TOMY CAEM
JaJIbIIC.

Kak Bp1uncanTh 00beM Tesia Bpaiienus?

O0beM TeJ1a BpalleHUs1 MOKHO BBIYMCINTH 10 opmy.ie:
Ll
2
v =] £ (xdx
a

B dopmyie nepen MHTErpaaoM 00sA3aTeNbHO MPUCYTCTBYET 9ucio “F . Tak moBenock — BCE,
YTO B )KM3HU KPYTHUTCS, CBSI3aHO C 3TOM KOHCTAHTOM.

Kak pacCTaBUTh NPEACIIbI UHTCTPUPOBAHUS «a» U ((63)), AyMaro, JIETKO A0TadaTbCsa U3
BBIITOJITHCHHOI'O UCPTECKA.

OyHKIUA S (x) ... 4To 3TO 3a QpyHKuuA? J{aBaiire nocmoTpuM Ha ueptex. [lnockas durypa

Ffixy=2x—-x

orpaHudeHa rpaukom mapaboIbl
nojapasymeBaetcs B popmysie.

CBEpXy. DTO U €cTh Ta PYHKIIMS, KOTOpas

B nmpakTudeckux 3ajaHusX Mmiaockast pUrypa HHOTAa MOXKET pacrosaraThbCsi U HUKE OCH O

DTO HUYETrO HE MEHSIET — MOJAbIHTErpasibHas PYHKIUS B popMysie BOSBOAUTCS B
2
KBaJpaT: S , TAKUM 00pa3oM MHTerpaJj Bcera HeoTpuuaTeseH, 4To BeCbMa JIOTHYHO.

Brruucium o0beM Tena BpaleHusi, UCTIONb3Ys JaHHYIO (OpMyTTy:

A 2 ]
v =a] fA(dx= 7| (25— 2 dx= ] (42° - 427 + 2%)dx =
i} 1]

= | 2 P | o1+ 22 -0
3 3 15

4z, 1 (32 32 ] 16
o=m -
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Kak s yxe oTMeual1, HHTerpajl HOUYTH BCera Mojy4yaeTcs MPpOCTO, r1aBHOE, ObITH
BHUMATEIIbHBIM.

3 16

g 2’ 33508

OTBer:

B oTBeTe HYXHO 00s13aTE€TIBLHO YKa3aTh Pa3MEPHOCTh — KyOUUECKUE €TUHHIIBI e’ To ecTb, B
HAIlleM TeJie BpaleHus mpuMepHo 3,35 «kyOukoBy. [louemy nMeHHO KyOudeckue eouruywvl?
[Toromy uto Haubosee yHHBEpCcaIbHAs GopMyIHpoBKa. MOryT OBITh KyOH4YecKne
CAaHTUMETPBI, MOTYT OBITh KyOM4ECKHE METPBI, MOTYT OBITh KyOMUeCKHe KUIOMETPHI  T. 1.,
3TO YK, CKOJIBKO 3€JICHBIX YEeJIOBEUYKOB Ballle BOOOPaKCHNE IIOMECTHT B JICTAIOIIYIO TapeIIKy.

1 BapuanT

1.

HaﬁHHTC 00BeM TEJIa, IOJTYYCHHOI'O ITPH BpalllCHUHN BOKPYT' OCH a6cuncc
KpHBOJ’IHHGﬁHOﬁ Tpalcuuu, OrpaHquHHOﬁ JINHUAMMU:

a) y=x’+1, x=0, x=1, y=0;

6) y=+x, x=1 x=4, y=0.
Haiinute 06beM Teina, oay4yeHHOTro P BPaLIEHUH BOKPYT ocu abcuuce (GUrypsl,
OTPaHUYCHHOU JIMHUSMHU:

a) y=x' y=x

6) y=2X, y=x+3, x=0, x=L
BapHaHT

HaﬁHHTC 00BeM TEJIa, IOJTYYCHHOI'O ITPpH BpalllICHUHN BOKPYT' OCHU a6cuncc
KpHBOJ’IHHCﬁHOﬁ Tparnenuuu, OrpaHquHHOﬁ JIUHUAMMU:

a) y=1-x*, y=0;

0) y=\/§, x=1 y=0.
Haiinute 06beM Tena, moay4yeHHOTO P BPaLIeHUH BOKPYT ocu abcuuce (GUrypsl,
OTpaHUYEHHON JTMHUAMMU:

a) y=\/;, y=X;
0) y=2+% y=1 x=0, x=2

Kpurepun onenuBanus:

Onenka O0ocHOBaHME OLICHUBAHUA

«OTANYHO» Bce 3amanus BBINOIHEHBI TPABUIILHO
«Xopouio» [TpaBUIbHO BBHITIOJIHEHBI JHOObBIE 3 3a1aHUs
«Y 1OBIETBOPUTEIIBHO) [IpaBHJIbHO BBINOJIHEHBI JIIOOBIE 2 3a/1aHUS
«HeynoBneTBopuTeIbHON [IpaBHJIbHO BBINOIHEHO MEHEE 2 3a1aHUN

Ilpakmuueckan paooma Ne38 Tpenaosicepovt no meme: Bepoamnocmeo u ee ceoiicmea

L[CJ'IB: OCBOUTDH HAaBbIKU PCIICHUS 3aaa4 110 TCOPUHN BCPOHTHOCTCﬁ.
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Meroauueckue yka3aHusl.

Crny4aliHbIM Ha3bIBaIOT COOBITHE, KOTOPOE MOXKET IPOM3OUTH MITH HE TIPOU30MTH BO BpEeMs
HaOmroenus wiy ucneitanust. [lycts npu npoBenenus (Opocanne MOHETHI T KyOHKa,
BBITATHBAHKUE YK3aMEHALIMOHHOTO OMJIETa U T.JI.) BO3MOXHBI N PABHOBO3MOXKHBIX HCXOJIOB.
Hanpumep, npu noadpacsiBaHUM MOHETBI YMCIIO BCEX HCXOJI0B N PAaBHO 2, TaK KaKk KpoMe
«PELIKW» UM «OpJiay APYTrUX UCXO/0B ObITh HE MOkeT. [Ipu Opocke UrpanbHOro Kyouka
BO3MOXHBI 6 UCX0J10B, TaK KaK Ha BEpXHEH rpaHu KyOMKa paBHOBO3MOKHO HOSIBJICHHE JIF000T0
yuciaa oT 1 1o 6. [lycTh Taxke HEKOTOPpOMY COOBITHIO A GJIaroNnpUATCTBYET M UCXOJI0B.

BeposiTHOCTBIO COOBITHS A Ha3bIBalOT OTHOIICHHUE YHCIIA OIArONPHUSATHBIX IS 3TOTO COOBITHS
HCXOJI0B K 00IIeMY YHCIly paBHOBO3MOKHBIX UCX00B. [Inimem

m
P(A) =2 )

n . Hanpumep, mycTb coObITHE A COCTOUT B BBINAJCHUN HEYETHOTO YUCIIA OYKOB IIPH
Opocanuu KyOuka. Bcero Bo3MOKHBI 6 HICXO/IOB: BBINIJICHHE HA BEPXHEH rpaHu KyOnKa

1,2,3,4,5,6. Ilpu 3TOM OJIAarONIPUATHBIMU JJIs1 COOBITHS A SIBIISTFOTCS UCXOJIBI C BBITIAJCHHEM
3
P(A)=-=10,5
1,3,5. Takum oGpa3zom, ( ) 6 "
3ameTnM, uTO Beerna BemonHsercs asoitHoe Hepasenctso 0 = P < 1. Ecim y Bac B oTBete
BEPOATHOCTb MOTy4aeTcs 0oJbIie 1, 3HAUUT, BBI TIe-TO OMIMOINUCH U PELICHHE HYKHO
MepPEnpPOBEPHUTb.

1 BapuanT
Pemnre 3a1a4n, N0Ib3ysCh KIACCUYECKUM OIPECIEHUEM BEPOSTHOCTH:

1. B ypne 20 Genbix u 25 yepHbIX mapoB. V3 ypHbI BBIHUMAIOT Hayraja ojuH map. Haiinute
BEPOSITHOCTH TOT'0, YTO 3TOT Iap — OeJbIii.
2. 3axyMaHo ABy3Ha4yHOe uncio. Haiinute BepoITHOCTB TOTO, YTO 33 yMaHHbIM YHCIOM
OKaXKeTcs:
a) Cciay4aiHO Ha3BaHHOE JBY3HAUYHOE YHCJIO;
0) ciyuyaiiHO Ha3BaHHOE JABY3HAUYHOE YUCIIO, IUPPHI KOTOPOTO PA3IUYHBI.
3. B nepBom smmke nexut 20 netanei, u3 HUX 13 cTaHmapTHBIX; BO BTopoM — 30 jgeranei
(26 crangapTHbIX); B TpeTheM — 10 neraneii (7 crangapTHeix). Haliqute BeposiTHOCTh
TOT0, YTO HAyTaJ U3BJIEUEHHAs JeTalb U3 HayAauy B3sTOrO sIMKa CTaHAapTHAs.

2 BapuaHT
Pemnre 3amauu, noyb3ysach KJIaCCUYECKUM OIIPENEICHUEM BEPOSTHOCTH:

1. B ypue 10 6enbix mapos, 26 uepHbIX, 15 cuHux u 14 kpacHbix. V3 ypHBI BBIHUMAIOT
Hayraj oauH map. Halinure BepoATHOCTb TOTO, YTO ITOT AP OKAKETCS [{BETHBIM.
2. bpouiens! 1Be urpaiabHbie KOcTH. HailnnTe BepoATHOCTD CIEAYIOIUX COOBITHI:
a) CyMMa BBINABIIUX OYKOB paBHA 6;
0) cyMmMa BBINABIIMX OYKOB paBHA §, a pa3HOCTH 3.
3. B 2K3aMeHanMoHHBIN OUJIET BXOAHT 4 BOIIPOCA MPOTPaMMbI, HACUHUTHIBAIOIICH 45
BOIPOCOB. AOUTYPHEHT He 3HaeT oTBeTa Ha 15 BompocoB nporpammsl. Kakosa
BEPOSITHOCTH TOTO, YTO OH BBITSIHET OUJIET, TJIe BCE BOIIPOCHI €My U3BECTHBI?
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Kpurepun onenuBanus:

Onenka O0ocHOBaHHNE OLICHUBAHUSA

«OTHU4HO» Bce 3aIaHus BBIIIOJIHCHBI IIPAaBUJIBHO
«Xopouio» [TpaBUIbHO BBINIOJIHEHBI JHOObIE 2 3a1aHUS
«Y 10BIETBOPUTEIILHO) [IpaBusbHO BBITOTHEHO JI000e 1 3amanus
«HeynoBneTBOpUTEIBLHON He BBIONIHEHO HU OJHOTO 3aaHUSA

Ilpakmuueckasa paooma Ne39 Tpenascepvt no meme: Iloemopusvie ucnvimanus

Yro Takoe He3asucumbvle UCNbIMAHUA] HpaKTI/I‘IeCKI/I BCE IIOHSITHO YK€ U3 CaMmoro
Ha3BaHU. HyCTB MMPOU3BOAUTCA HECKOJIBKO ucnplTanuii. Eciau BCPOATHOCTDH ITOSAABJICHUS

HEKoero coObITns < B KaKI0M M3 HHX He 3aBHCHT OT HCXOJOB OCTATbHBIX HCIIBITAHHII, TO. ..
3akaHuuBaeM (pa3y xopom =) Monoausl. [Ipu 3TOM noJ ClIOBOCOYETAaHHEM «HE3aBUCHMBbIE
WCIBITaHUSA» YaCTO MO/IPa3yMEBAIOT HOGMOPHbBIE HE3ABUCUMbLE UCHBIMAHUA — KOTJ1a OHU
OCYUIECTBJISIFOTCS IPYT 3a IPYTrOM.

[Ipocreiimme npuMepsr:

— MoHeTa nojopaceiBaercs 10 pas;

— UrpanpHas KocThb nogopaceiBaercs 20 pas.

CoBepIlIeHHO SCHO, YTO BEPOSITHOCTH BBINAJCHHS OpJia JINOO PEIIKH B TIOOOM UCIIBITAHUU HE
3aBUCHUT OT PE3YJIbTaTOB JIPYIMX OpPOCKOB. AHAJIOTUYHOE YTBEPK/IEHUE, €CTECTBEHHO,
CIPaBEJIMBO U AJI KyOHKa.

A BOT 110CJIEI0BATEIBbHOE U3BJICUEHUE KapT U3 KOJIObI HE SIBIISIETCS CEPUEN HE3aBUCUMBbIX
WCIIBITAHUHN — KaK Bbl IOMHUTE, 3TO LEMOYKA 3aBUCUMBIX COObITHI. OJHAKO €CIIU KapTy
KaKpIi pa3 BO3BpalllaTh OOPAaTHO, TO CUTYalUsl CTAHET «TaKOW, KaKO! Ha/10».

Cremry oOpazioBaTh — y Hac B rocTsix ouepegHoit TepMuHaTOp, KOTOPBIH aOCOIIOTHO
PaBHOMYILIEH K CBOMM yJlauaM/Hey/ayaM, U [M03TOMY €ro CTpebOa mpeacTapiseT cooon
oOpa3zer] cTabuIbHOCTH =):

3anayva 1

Crpeinok coBepuiaet 4 BeIcTpesia 10 MUIIEHA. BeposITHOCTh nonaganust IpH KaxkJ10M

BBICTpEIIE ITIOCTOSIHHA U PaBHA ¥ Haiitn BEPOSATHOCTH TOT'0, YTO:

a) CTPEJIOK MONaAET TONBKO OJIUH pa3s;

0) cTpenok nmonaaér 2 pasa.

Pemenne: ycioBue chopMynupoBaHo B 001eM BHAe U BEPOSITHOCTh MOMNAJAAHNS B MULLIEHb

IIpH KaXXJA0OM BBICTPCIIC CUUTACTCAH n3BecTHoM. OHa paBHa F (ecjll/l coecem mAdINCKO,

. =06
npuceotime napamempy kakoe-nubyob KoHKpemHoe 3navenue, nanpumep, £ ~ 7).
KOJIb CKOPO, MBI 3HAEM ¢, TO JIETKO HANTH BEPOSTHOCTH IPOMAxa B KaKIOM BBICTPEIE:

=1-
4 ? , TO €CTh, «KY» — 3TO TOKC U3BCCTHAA HaM BCJIIMYWHA.

a) PaccMoTpuM coOwite « Cmpenok nonadém moavko o0uH pas» u 0003Ha4MM €ro
E )
BEPOSITHOCTH Uepe3 ~* (UHOeKCbl NOHUMAIOMCA KAK «0OHO NONAOAHUE U3 YeMbIDEXY).

JlanHoe coObITHE COCTOUT B 4 HECOBMECTHBIX UCXO/aX: CTPEJIOK nonajaér B 1-i uim Bo 2-
¥ uam B 3-1 WJIK B 4-11 TIONBITKE.

[To TeopemaM cj10’keHUSI BEPOAATHOCTEN HECOBMECTHBIX M YMHOKEHHUS BEPOSITHOCTE
HEe3aBHCHUMBIX COOBITHIA:

P-;l = pgqq tapgg +agpg +9gqp
Buumanue! Ecnu éam HE TIOHATHA sma 3anuce, nodcanyicma, 6epHumecs K
npeovioyuiemy ypoKy no 8blulenpusedénHoll ccolixe!
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YHpocTuM pe3ynbTaT ¢ TOMOIIbI0 KOMOMHATOPHOW (POPMYJIbI KOJIHYECTBA COYETAHMIA:

1L _
Cy=4 croco0amM# MOKHO BbIOPATh MOIBITKY, B KOTOPO CTPENIOK Momall.
W, nockoabpKy B KaKJIOM cillydae UMeeT MecTo | nmonaganue u 3 nmpomaxa, To:

B =Cirg’=4pq’ _ BEPOSTHOCTH TOTO, UTO CTPEJIOK MOMAET TOIBKO OJUH pa3 U3 YEThIPEX
...Kak-To Tak «c n€rxkoi pyku» s HayaJl Ha3plBaTh IOBTOPHBIE HE3aBUCUMBIE UCIIBITAHUS
«TIOIBITKAMK», UTO HE B KAXKIOU 3a/1a4e MOXKET OBITh KOPPEKTHBIM. .. ... HYy J1a JTaJHO.

0) Paccmotpum coObiTe « Cmpenok nonadém 0ea paza» u 0003HAYMM €T0 BEPOSITHOCTh

yepes 5 («06a nonadarnus u3 yemvipéxy). 3MeCh BAPUAHTOB CTAHOBUTCS OOJIBIIIE,
IONaJaHus BO3MOXKHEI:

B 1-11 m 2-#1 mONBITKax

W

B 1-11 m 3-#1 mombITKax

W

B 1-11 m 4-11 monbITKax

W

BO 2-11 M 3-11 MONBITKAX

W

BO 2-11 M 4-11 MONBITKAX

W

B 3-11 1 4-11 MONBITKAX.

Takum 0Opa3om, IO TEM K€ TeopeMaM CJI0KeHHUsI U YMHOKeHHs BEPOSITHOCTEI

*Ef = ppaq + papg + pagp tappg tapap +qqpp

MoskHO 1 Tak pemars 3anauy? be3ycinoBHo, MokHO. Ho 4To nenate, ecnu cepust COCTOUT U3
5, 6 wiu 60mbIIero KoauuecTBa BeICTpenoB? TyT yxke OyayT MOITyqaThCs NECATKH
cllaraeMbIX, 3aIIUCh KOTOPBIX OTHUMET MHOTO BPEMEHHU M MecTa. B 3Toii cBsi3u panmoHansHee

IIpUIEP)KUBAThCS 00JIee KOMIAKTHOW CXEMBbI:
2 4 24

4 =6
220 2.2
crioco0amH (nepeuuciens eviiie) MOXKHO BHIOpATh 2 MOMNBITKY, B

KOTOPBIX IPOU30UTYT IOIAJaHHUS.

I/I, IIOCKOJIBKY B TI000M HCXOJC POBHO 2 nomnajgaHus 1 2 Impomaxa, ToO:
2_3 2

2 _ 2.2
F=Upa=opg _ BEPOATHOCTH TOT'O, YTO CTPEJIOK NOMAJET 2 pa3a us 4.

1 _ 1 3
Wrak — BeposiTHOCTB TOTO, UTO OyzAeT | monaganue us3 4, paBHa H=Cpg

R N
TOTO, 4TO OyneT 2 nmonajaanus u3 4, paBHa F=Ury ... HE 3aMeYaeTe JI BbI

3aKOHOMEPHOCTH?
Tonbko 4TO Ha KOHKPETHOM NPUMEPE MbI MOBTOPUIIH IyTh SIk06a bepHynnu, KoTopbIit

HECKOJBKO BEKOB Ha3a/l BbIBCII q)OpMy.Hy, Ha3BaHHYIO ITIO3KEC B €T0 YCCTh:
M

- BCpO}ITHOCTB ® TOrO, 4TO B % He3aBHCHMBIX HCIIBITAHUSAX HEKOTOPOC cnyqaﬁHoe

, BEPOSITHOCTh

coGbitie 4 macTymuT poBHo ' pa3, paBHa:

W MW MM
A =Gry , TIe:

£ BEPOATHOCTD IMOABJICHHUA COOBITHS A B KaXXJIOM UCIIBITaHHH,

=1-
4 P BCPOATHOCTH HCITOABJIICHHUA COGBITI/IH A B KAKIOM HUCIIBITAHUHU.
bl

.
KoadduuueHnt ~* yacto Ha3bIBAIOT OUHOMUATLHBIM KOIDhuyuenmom.
Ipumeuanue: ghopmyna bepnynnu cnpaseonrusa moabko Oisi mex He3a8UCUMbIX UCHbIMAHULL

6 KOmopblX 6€POANMHOCMb F cobvimus A coxpaniemcs nocmosnnou. Ho na npakmuke 6
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pesyivmame UCNbIMAHUL MO2YM NOABNAMbCA PA3HbIE COOLIMUS C PAZHBIMU 8EPOAMHOCMAMU
— 6 amom cayuae pabomaem opyeas popmyna. Coomseemcmayoujue NPUMepPbl MOHNCHO
Haumu, Hanpumep, 6 Munogvlx pacuémax u3 coopnuxka Yyoecenxo (3adaua 18).

3a npuMepoM J1ajIeKo XOUTh He OyeM:

3anaya 2

Haiitu BeposiTHOCTB TOTO, uTO Mpu 10 Gpockax MOHETHI OpEN BhIMAIET 3 pasa.

Pemenne: cHauana HEMHOTO nopaccyzaaeM: Bcero nposoaurcs 10 moBTOpHBIX
HE3aBHCUMBIX UCTIBITaHUN. CKOJIBKUMU CIOCOOaMU MOKHO BBIOpaTh 3 HCHBITAHUS, B
KOTOPBIX BbINaeT Open?

| .q.
oF 101 =8 3 1[]:120
g3 6
T crnocobammu!

OT0 YTO XK€ nonydaercs — 3anuchiBath 120 ciaraeMbix, B KaKI0M U3 KOTOpbIX 10
MHOXHUTENCH? =)

W MW B

=0 p"g

Hcnons3yem Gopmyny beprymm: i , B JAHHOM Clly4ae:

#=10 _ pcero ucnpiranmuit;

m=3_ KOJINYCCTBO HCHBIT&HHﬁ, B KOTOPBIX JOJIKCH IOABUTLCA Opé.]'[;

1
2= 5
— BEPOSITHOCTB MOSIBIICHUS OPJia B KAKIOM UCIIBITAHUH;

q=1—p=1—l—l

2 2 _ BepOSITHOCTB MOSIBIICHHS PEIIKH B Ka’KIOM HCIIBITAHHH.
Takum ob6pazom:

3 T
1 1 120
Bt =0 =] | 2| =2 =0.1171875
o = ~10F 4 2) \2) TToza

Opockax MOHETHI OPEN BBITIAJIET POBHO 3 pasa.
OTser: ﬁz':' 70,12

Cremyer OTMETUTH, YTO HOBMOPHbIL XApaKmep HE3aBUCUMBIX HCITBITAHUHA HE SIBIISCTCS
(OKU3HEHHO Ba)KHBIMY (HEOOXOIMMBIM) YCIOBUEM i TpuMeHeHus Gopmysl beprymnu.
PaccmoTpum moxoxyro 3anauy (komopas, kcmamu, dKeusaieHmua 3adave 8 ypoxa

0 KNACCU4eCcKOM Onpedenenul 6epoAmHOC).

Haiimu 6eposmnocms moeo, umo npu opocke 10 monem opén évinadem nHa 3 MoHemax.
3/1ech UCTIBITAHUS HE TIOBTOPSIOTCS, & CKOpee, MPOU3BOASITCS OHOBPEMEHHO, HO, TEM HE

B =Chnp'g’ = =0,1171875
MeHee, paboTaeT Ta xe camas popmyna: ~1° w# 4 ’ .
Pemenue 6y21€T OTJIMYATBCA CMBICJIOM U HCKOTOPBIMU KOMMCHTApPUAMHA, B HaCTHOCTHU:

Co =120

1
F= 5 .
— BEPOSITHOCTH BBINAJICHUS OpJia Ha K104 u3 10 MoHeT

U T.A.

OnHako Ha MpaKkTUKE MOA0OHbIE 3a/1a4l BCTPEUAIOTCsl HE CTOJIb YacTo, U, BUIUMO, IO 3TOH
npuurHe popMmyia bepHyIN 4yTh JIM HE CTEPEOTUITHO aCCOLUUPYETCS TOJIBKO C
MOBTOPHBIMU UCTIBITAHUAMH. XOT$, KaK TOJIBKO YTO OBIJIO TIOKA3aHO, TOBTOPSIEMOCTh BOBCE
He 00s13aTeNbHa.

Crnenyronias 3aaua sl CaMOCTOSITENIBHOTO PELICHMUS:

3anmava 3

Urpanbhyto KocTb OpocaroT 6 pa3. HaiiTi BepoSITHOCTB TOTO, YTO 5 OYKOB:

— BEpOSATHOCTb TOT0, yTo Iipu 10

croco0aMu MOYKHO BLI6paTL 3 MOHCTBI, Ha KOTOPBIX BBINIAACT Opé.]'[.
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a) He BRIMANYT (sbinadym (0 pas);

0) BBITIATYT 2 pasa;

B) BBIIAAYT 5 pas.

Pe3ynbTaThl OKpYTiuTh 10 4 3HAKOB MOCIIE 3asATOH.

Kpatkoe penienue u oTBET B KOHILIE YpOKa.

OueBHIHO, YTO B pacCMAaTPUBAEMbBIX MPUMEpaxX HEKOTOPbIE COOBITHSA OOJiee BEPOSITHBI, a
HEKOTOpbIe — MeHee BeposATHBI. Tak, Hanpumep, mpu 6 Opockax KyOuka gaxe 0€30 BCIKHX
pacuéToB UHTYUTHUBHO MOHATHO, YTO BEPOSTHOCTU COOBITUN ITYHKTOB «a» U «03»
3HAYUTEIBHO OOJIBIIE BEPOSTHOCTH TOTO, UTO «IIATEPKA» BHIMAAET 5 pa3. A Ternepb MOCTaBUM
3a7a4y HalTH

HAUBEPOSITHENIIEE uncio nosiBienuii co6biTusi <3 B # He3aBHCHMBIX
HUCIBITAHUSIX

OnsTh k€ Ha ypoBHE UHTYHULIMU B 3ajaue Ne3 MOKHO clienaTh BBIBOJ O TOM, UTO
HauBepOATHEHIIIee KOJIMUECTBO MOSBICHUHN «IIATEPKUY» PaBHO €AUHUIIE — BEIb BCETO rpaHe

IIeCTh, ¥ TIpU 6 OpOCcKax KyOWKa KaKaas W3 HUX JOJDKHA BBIMACTH B CPETHEM TI0 OJTHOMY
1
pa3y. XKenaromme MOTYT BBIYUCIUTE BEPOSATHOCTh ~° W IOCMOTPETH, OyIeT Jin OHa OOoJIbIIe

«KOHKYPHUPYIOIIUX» 3HAYeHUH "% m ~% .
Cdopmysimpyem cTporuii KpuTepuii: Uisi OTbICKaHNS HAUBEPOATHENIIIETO YUCIIa o

TOSIBIICHHIT CITy4aifHOro coObIThs <1 B # HE3aBHCHMBIX UCIIBITAHISIX (C 8eposmHocmbio + &
KaxncooM ucnvlmanuu) pyKOBOICTBYIOTCS CIEAYIOUIUM JIBOWHBIM HEPABEHCTBOM:

—g = ..
P =R nptp , IPUYCM:

Hp — o
1) €CJIM 3HAYCHUC - ,Z[pO6HO€, TO CYHICCTBYCT CAUHCTBCHHOC HAUBCPOATHCHUIILICC
.
YHCIIO0 y

H - Fg = HMEP .
B 4aCTHOCTH, €CJIN P 1ECJI0C, TO OHO U €CTh HAUBCPOATHCUIICC YHCJIO: v 4

np — o my + 1
2) ecmu xe F ¢ — nenoe, To CyIIECTBYIOT ABA HAMBEPOSTHEHMIINX YHCIA: o PR

HauseposiTHeliiee 4uciio MOsSBIECHUHN «IATEPKU» MpU 6 Opockax KyOHUKa MOAMaIaeT Mo/
YaCTHBIN CIlydald IIEpBOro IyHKTA:
mp=up=6-—=1

&
B nensx 3akperniieHus: MaTepuaia peluM napy 3aaau:
3agaua 4
BepositTHOCTB TOTO, UTO pU Opocke Msiua 6ackeTOoNHUCT NoNaaET B KOp3UHY, paBHa 0,3.
Haiitu HauBeposTHelIIee Yuciio nmonajaHuii npu 8 6pockax U COOTBETCTBYIOIYIO
BEPOSATHOCTb.
A 3710 yxe ecnu 1 He TepMuHATOP, TO, KAK MUHUMYM, XJ1aJTHOKPOBHBIN CIIOPTCMEH =)
Pemenne: 15 OLIEHKY HaWBEPOSTHENIIETO YNCIA TONAAAHUN UCIIOIB3YEM JIBOMHOE

Hp— g = < np+
HepaBencTBo + 4 =7 S TF B napnom ciyuae:
%=8 _pcero OpOCKOB;
p=03_ BEPOSITHOCTH IMOTAJaHKsI B KOP3UHY MPH KaXKI0M OpOCKE;

g=l-p=1-03=0.7 _ BEPOSTHOCTH NMPOMaxa Mpu KaxJI0M Opocke.

Taxum 0Opa3oM, HauBeposTHENIIIEe KOJINYECTBO MOMaJaHui pu 8 OpOCKax HaXOIUTCS B
CIIEAYIOLIMX Mpeerax:

8-03-07=my <5-03+03

24-07 <my <24+03
17 =my <27
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ITockonbKy JieBast TpaHuLa — APOOHOE YHUCIHO (myHKm Nel), TO CyIIeCTBYeT eIMHCTBEHHOE
HAMBEPOSTHEIIICE 3HAUCHIE, H, OYEBHJIHO, YTO OHO PABHO <0 2 .
P?ﬁ — C?# W N-W
Ucnons3ys hopmyny bepaymmm = * n P
Opockax OyzeT pOBHO 2 MOTaIaHHus:
al
B =G 03 (07 == (03" 07 =

y BBIYHMCJIMM BEPOATHOCTDb TOI'O, YTO IIpU 8

L;. (0,3 (0,7 = 0,29647548

By, =2 N .
OtBer: ™" — HaWBEPOSTHEHIIIee KOIMYSCTBO MOMAJaHuH Tpu 8 OpocKax,

B2 0,2065
— COOTBCTCTBYHIOIIAA BEPOATHOCTD.

1 BapuanT
1. BpocaroT urpansuyro koctb. HaiiTi BeposSTHOCTB TOTO, UTO:
a) BBINA/IET YeTHOE YUCIIO OYKOB
b) BBIMAJIET YUCIIO OUYKOB, KPATHOE TPEM.
2. B norepee 2000 6uneroB. Ha ogmn Owrer mamaet Beurpbim 100 p., Ha

yerpipe Omnera — BeMrphIm 1o S50 p., Ha 10 OmnetoB — Bemrpeim mo 20 p., Ha 20
OumieroB — BeMrpsiul 1o 10 p., Ha 165 GuineroB — BHIMTPHIL 10 5 p., HAa 400 OGuieToB —
BbIMTphILI 110 1 p. OcranbHble OUIETHl HEBBIMTPHIIIHbIE. KakoBa BEpOATHOCTH BBIMTPATh
no Ouiery He menee 10 pyOmeit?

3. [lecTr mapoB cayyailHpIM 00pa30M pacKiIaJbIBalOT B TpU sAluka. Haittu
BEPOATHOCTb TOTO, YTO BO BCEX ALIMKAX OKAXKETCSA Pa3sHOE YHUCIIO LIApOB, IPU YCIOBHH,
YTO BCE SIIUKH HE IIyCTHIE.

4. B npamoyronsHuk 5*4 cm?Bmmcan kpyr paamyca 1,5 oM. Kakopa
BEPOATHOCTb TOT0, YTO TOYKA, CIydyallHBIM 00pa3oM IOCTaBJIE€HHAs B IPSIMOYTOJIbHUK,
OKa)keTCs BHYTpU Kpyra?

2 BapuaHT
1. BpocaroT urpansHyro kocTb. HaiiTi BEposSTHOCTB TOTO, UTO:
c) BBINA/IET HEUETHOE YUCIIO OYKOB
d) BBINAJICT JIF000E YHCII0 OYKOB, KpoMe 5.
2. Habupas nomep TenedoHa, abOHEHT 3a0bL1 OAHY IHUGpPY U HaOpanm eé

Hayraj. Halitu BeposiTHOCTB TOTrO, 4TO HaOpaHa Hy>kHas uudpa.
3. Hudpst 1, 2, 3, ..., 9, BeIMKUCaHHBIC HA OTACIBbHBIE KAPTOUKU CKJIIABIBAIOT
B AIIMK W TIIATEJIBHO MepemMemuBaroT. Hayrajg BeIHMMarOT OoAHY KapTouky. Haitu
BEPOSITHOCTH TOTO, YTO YMCJIO, HAIIMCAHHOE Ha ATOM KapTOYKe: a) YeTHOE; 0) IBY3HAUYHOE.
4. Buytpu xBangpata co cropoHoi 10 cm BbIIEneH Kpyr paguycoM 2 CM.
CrnyuaitHeiM 00pa3oM BHYTpPHU KBajpaTa oTMe4YeHa To4uka. KakoBa BEpOSITHOCTH TOTO, UTO
OHa MOMAJIET B BBIJCICHHBIN KPYT?
3 BapuaHT
1. Ha kaxmoll u3 mnATHM OAMHAKOBBIX KapTOUEK HameyaTaHa oOJIHA U3
clenyromux OyKB: a, M, P, T, }0. KAPTOUYKHU THIATEIHHO MepeMenianbl. HailTi BepoITHOCTD
TOT'0, YTO Ha YEThIPEX BBITSAHYTHIX MO OJHON KapTOUKE MOYKHO ITPOYECTH CJIOBO «IOPTay.
2. B maptum w3 50 peranmeit mmeercs 3 OpakoBaHHBIX. OmnpenenuTsb
BEPOATHOCTH TOTO, YTO B35iTasl HayAauy JIeTajlb OKaXEeTCsl CTaHAapTHOM.
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3. B smuke Haxomuthes 4 Oenbix u 1 yepHsldd map. Hayran BerHuMaroT 2

mapa. HaifTu BeposITHOCTB TOTO, UTO BBIHYTHI JIBa OEJIBIX 1I1apa.

4. Muiens umeer ¢GopMy OKpYKHOCTH paguyca 4. KakoBa BeposTHOCTB

NOMAJaHUsl B €€ IPaByI0 IIOJIOBHHY, €CIM IMOMaJaHHe B JIIOOYI0 TOYKY MHILICHH

paBHOBeposTHO? [Ipu 3TOM MpoMaxu MUMO MUIIIEHH UCKIIOYEHBI.

4 BapuaHT

1. AOOHEHT 3a0bUl MOCNETHIOK IUPPY HOMEepa TenepoHa H TMOITOMY

HaOupaeTr e€ Hayraia. OnpeneiauTb BEPOATHOCTb TOrO, YTO €MY MPUAETCS 3BOHUTH HE

OoJiee ueM B 3 mecra’?

2. PeGenok mmeer Ha pykax 5 kyouxoB ¢ OykBamu A, K, K, JI, V. kakoBa

BCPOATHOCTDL TOT'O, YTO pe6eHOK CO6CpCT u3 KY6I/IKOB CJIOBO ((KYKJ'Ia»?

3. N3 kononpl kapt B 36 nucToB Hayraja BeIHMMArOT 2 KapTbl. Kakoa

BEPOSITHOCTH TOTO, UTO 3TO JaMa Tped U BaJleT MHK?

4. Hano: AB =12 cm, AM =2 cm, MN = 4 cm. Ha orpe3ok AB ciyuaiinbim
obpasom nomnagaet Touka X. KakoBa BeposiTHOCTH TOT0, 4yTO X MOMAAET Ha OTpe30k MB?

Kpurepun onenuBanus:

Ouenka O6ocHoBaHMeE OLlIEHUBAHUS

«OTInYHO» Bce 3aganus BBINOJIHEHBI IPABUIIBHO
«Xopomo» [IpaBHIIbHO BBINOJIHEHBI JIIO0OBIE 3 3a/1aHUS
«Y 10BIETBOPUTEIIBHOY [TpaBUIIbHO BBINOJHEHHI TIOOBIE 2 3a/1aHUS
«HeynoBneTBOPUTETBLHOY [IpaBUIIEHO BHITIOJIHEHO MeHee 2 3aaHui

Ilpakmuueckasa paooma Ne40 Tpenascepvt no meme: Cnyuaiinas eenuuuna

Cryuaiinoii Ha3bIBAIOT 6eIUYUHY, KOTOPAs B PE€3YyJIbTaTe UCIIBITAHUS IPUMET OJHO H

TOJIBKO O/IHO YHCIIOBOC 3HAUCHHE, 3aBHCSIICE OT CIIyJaiiHbIX (PAKTOPOB M 3apaHee
HeTIpeICKa3yeMoe.
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AP 2 &

CityyaliHble BEJIMYMHBI, KaK MPABUII0, 0003HAYAIOT Yepe3 , 4 IX 3HAYEHHUS —
COOTBETCTBYIOIIMMHU MAJICHBKUMH OYKBaMU C TIOJCTPOYHBIMHI HHIEKCAMU,
Ay. Aa, A
Hampumep, 177 E
oy w

* Unoeoa ucnonv3yrom , @ makaice epeveckue OyKevl

[Ipumep BcTpeTusIcs HAM Ha NMEPBOM :Ke YPOKe 110 TeOpUHU BepOSATHOCTEI, I1e MbI
(haKTHYECKU PaCCMOTPEIH CIEAYIOUIYIO CIIy4aifHYIO BETHYUHY:

& _ KOJMYECTBO OYKOB, KOTOPOE BBIIAAET [OCIE GPOCKA HIPATBHOTO KyOHKa.

B pe3ynbrare 1aHHOTO UCTIBITAHKS BBINAJET OIHA M TOJIbKO IpaHb, Kakasi HIMEHHO — HE
TIPeJICKA3aTh (OKYChl He paccMampusaem); IPU TOM CIydailHas BETHUMHA 4 MOXKET
MPUHATH OJHO U3 CIEAYIOIINNA 3HAYCHUI:

n=1 x,=2, %=3 x=4 x=5 zx=06

[Ipumep u3 cratbu 0 CTATHCTHYECKOM ONpe/ieIeHUH BEPOSITHOCTH .

¥ _ KOIMMYeCTBO ManbunKOB cpey 10 HOBOPOXKIEHHEIX.
CoBepIIeHHO MOHATHO, YTO 9TO KOJIMYECTBO 3apaHee HE U3BECTHO, U B OUEPETHOM JIECATKE
POIMBIINXCS JETeH MOXKET OKa3aThbCs:

Yo=0, w=1 =2 y=3 ---=J’9:9’HH60}’10=10

O/ITMH W3 TICPEUYHCICHHBIX BAPUAHTOB.
U, nabe1 cobmtoctu popmMy, HEMHOTO (PU3KYIBTYPBHI:

MaJIbYUKOB — OAMH U TOJIBKO

£ _ JaNBHOCTD HPBDKKA B IITHHY (8 HEKOMOPbIX eOUHUYAX).
E€ He B cocTosiHMM MpeayranaTh Jake MacTep CropTa :)
Tem He MeHee, Ballld THITOTE3bI?

Komp CKOpPO, MHOYKECTBO }IeﬁCTBI/ITeJII)HI)IX yuceJa 6CCKOH6‘-IHO, TO cnyqaﬁHaﬂ BCIIMYHUHA Z

MOYET MPHUHATh OECKOHEYHO MHO20 3HAYEHUH U3 HEKOTOPOTO MPOMEXyTKa. M B aTOM
COCTOUT €€ NPUHIHUIHAIBHOE OTJINYHE OT MPEAbIIYIIUX IPUMEPOB.

Taxum 00pa3oM, ciry4yaiiHble BeJTHYMHBI 11eJ1ec000Pa3Ho pa3ieJiuTh Ha 2 foJibIIue
rpynnbl:

1) AuckpetHas (npepulgnas) ciydaiiHasi BeIMUMHA — IPUHUMAET OTAENIbHO B3AThIE,
M30JIMPOBaHHbIE 3HaUeHHs. KOIM4ecTBO 3TUX 3HAUCHUH KoHeuno 100 beckoHeuHo, HO
C4émHo.

...HApUCOBAJIMCh HEMOHATHbIE TepPMUHBI? CPOYHO MOBTOPSIEM OCHOBBI A/1redpbi!

2) HenpepriBHast ciyyaiiHasi BeIMUMHA — IPUHUMAET BCe YMCIIOBBIE 3HAUEHUS U3 HEKOTOPOTO

KOHEYHOTO MJIM OECKOHEYHOI'0 IPOMEKYTKA.

Ilpumeuanue: 6 yuebnot rumepamype nonyiapusl abopesuamypol [CB u HCB
CHauana pa30epéM AUCKPETHYIO CIyYaiiHyl0 BEIMYMHY, 3aTEM — HellPEePbIBHYIO.
[Toexann:

3aKoH pacnpeeseHUusi AUCKPETHOH CJIYyYaiHOH BeJMYHHBI

— 3TO coomeemcmaue MeXIY BO3MOKHBIMH 3HaYCHUSIMHU 3TOW BEJTMYMHBI U UX
BEPOSATHOCTSMHU. Yallie BCero 3akoH 3alMChIBAIOT TaOIUIICH:

Y. X RE R X,
® -1 2 3 n
X

1)1 1)2 1)3 <y 1'))1

JIOBOJIBHO 4acTO BCTPEYAETCS TEPMUH pAd pacnpedeneHus, HO B HEKOTOPBIX CUTYallUsX OH
3BYYHT JIBYCMBICJICHHO, 1 TIOATOMY 5 Oy1y IPUACPKHUBATHCS «3aKOHA».

A TCHIECPL OYCHb BAKHbIII MOMEHT: IMMOCKOJIbKY cnyqaﬁHaﬁ BCIIMYHHA A

LKy, Ky, Rga, Ky
00s13amenbHO TIPUMET OTHO U3 3HAYEH Ui , TO COOTBETCTBYIOIINE COOBITHS

00pa3yioT MOJHYK IPYNIY U CyMMa BEPOSITHOCTEH MX HACTYIUICHHUS PABHA €UHUIIE:
ptpyte+ o +p,=1
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WJIW, €CIIU 3aIIUCaTh CBEPHYTO:
]
2.pi=1
iml
Tak, HanpuMmep, 3aKOH pacIpeieTICHHs BEPOSTHOCTEH BBIMABIINX HA KYOMKE OUYKOB UMEET
CIEAYIOIIUI BU:
1 2 3
B | | |

6 6 6 6 6 6
be3 komMeHTapueB.

Bo3M0HO, y Bac cl10)KWIOCH BIIEUATIEHUE, UTO IUCKPETHAS CilydaiiHasi BETUYMHA MOKET
MIPUHUMATH TOJILKO «XOPOIIKE» IeJble 3HaUeHHsI. Pa3BeeM HIUTFO3UI0 — OHH MOTYT OBIThH
JFOOBIMU:

|l
n
o

[Tpumep 1
Hexotopas urpa umeer cieayrouui 3aK0H pacipeeeHns BEIUIphIIIa;
-5 25 |10
I

05 [ py |01

Haiitu #2
...HaBEpHOE, BbI JIaBHO MEUTAJIM O TaKuX 3a1a4dax :) OTKpOr CeKpeT — g Toxe. B
O0COOCHHOCTH ITOCJI€ TOTO, KaK 3aBEepIIni paboTy HaJl TeOPUEeH MmoJis.

PellleHne: Tak KaK CllyuaiiHasi BeIMUMHA & MOXKET IPUHSTH TONBKO OXHO U3 TPEX 3HAUCHHIA,
TO COOTBETCTBYIOIIHME COOBITUSI 00Pa3yIOT HOJHYIO 2PYNNY, & 3HAYUT, CYMMa MX BEPOSTHOCTEH
paBHA €JMHUIIE:

ntptp=1

Pazobnavaem «maptuzaHay:

0,54+ p,+0]1=1

p,+06=1 = p =1-06 2,5

— TaKUM 00pa30M, BEPOSITHOCTh BBIUTPHIIIIA Uy = o
YCJIOBHBIX eAUHUIL cocTaBiset 0,4.

Komrpons: £1 +p,+p=05+04+0,1=1

Orser: £21 7~ 0.4

He penkocTs, Korja 3akoH pacnpeeneHust TpeOyeTcsi COCTaBUTh CAMOCTOSITENbHO. J[i1st 3TOr0o
HCTIOJNB3YIOT KJIACCHYECKoe olnpe/eeHue BePOSITHOCTH, TeOpeMbl YMHOKeHUs! /
CJ10KeHHSI BePOSITHOCTeH coObITHIl 1 pyrue Gpuiky Teppepa:

[Tpumep 2

B kopoOke HaxoasaTcs 50 moTepeiHbIX OMIIETOB, CpeAd KOTOPHIX 12 BBIMTPHILIHBIX, TPUYEM 2
n3 HUX BeIUrpbIBatoT o 1000 py6ueld, a octanbubie — o 100 py6neit. CocTaBUTh 3aKOH

, B 4éM U TpeboBanoch yOeauThCs.

pacnpeaciiCHu-d cnyqal”{Hoﬁ BCIIMYHHBI - pa3Mepa BbIMI'PLIIIA, €CJIN U3 KOpO6KI/I Hayraza
MU3BJICKACTCA OJHUH ouer.

Pemenue: xak BEI 3aMCTUJIN, 3HAUYCHU A CJ'Iy‘-IaI\/’IHOI\/’I BCJIIMYUHBI IPUHATO pacrojaratb

B IIOPSAAKEC UX BO3paCTaHUA. HOBTOMy MbI HAYMHACM C CaMOI'0 MaJICHBKOT'O BBIMI'PhIIIA, U

nmenro 1= ¥ pyOneii.
Bcero TakoBbix OunetoB 50 — 12 = 38, u mo KJIaccu4ecKoOMY Onpe/ae/ieHUIo:

28
p=—=076

50 — BEpOSATHOCTb TOTO, YTO HayJauy U3BJICUEHHBIN OUIIET OKaXeTcs
0€3BBIMTPBILTHBIM.
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C OCTaJIBHBIMHU CITY4asiMU BCE TIPOCTO. BeposTHOCTb BHIMIpHIIA 2 100

COCTaBJIACT:

10
=—=02
£ 20
v, = 1000,

>
2 o4
F: =50

pyonei

N nna

HpOBepKa: tp,tps= 076 4+02+004 =1

3aJaHui!
OTBeT: NCKOMBIN 3aKOH pacIpe/iesICHUs BIUTPHIIIA!
0 100 | 1000
0,76 | 0.2 | 0.04

— M 3TO 0COOEHHO HpI/IHTHHﬁ MOMCHT TaKHX

17

1 Bapuant

3anaya 1. BepostHocTh nonyctuth omubKy paBHa 0,2. HaliTu BepoSATHOCTb TOTO, YTO YEJIOBEK
He ormycTuT omoKy? Yto Gojiee BEpOSTHO: JOMYCTHTH OIIMOKY MM HE JOMYCTHTH OIIUOKY.
3amaua 2. BepoarHocTs 3aHATh B copeBHOBaHuU 1 Mecto — 0,7, a Bropoe mecto — 0,1. Haiitu
BEPOSATHOCTb, YTO CLIOPTCMEH 3aiiMET MEPBOE MJIM BTOPOE MECTO.

3anava 3. Kaxxplif U3 Tpex yesoBeK BbIOpas HayrajJ OJuH U3 CEMM LIBETOB paayru. Haiitu
BEPOSITHOCTb, YTO MEPBBIN BHIOPAI KPACHBIN, BTOPOU — KENTHIH, a TPETHH YeTTOBEK — CHHUHN
IBET.

3anava 4. EcTb ABe K0JI0/1bI KapT U /iBa Urpoka. M3 mepBoii KOI0/bl JOCTAIOT OJIHY KapTy
IIEPBOMY UT'POKY, a U3 BTOPOU KOJIOJbI — BTOPOMY UIpoKy. HaiiTu BEpOSATHOCTb, YTO KOMY-TO
JnanyT 0yOHOBYIO KapTy.

3anava 5. BepositHocTh cHera paBHa 0,4. HaiiTu BEposITHOCTB, UTO B T€UEHHE TPEX JHEH He
OyZeT cHera.

3anaga 6. Ctynent u3 20 Borpocos Belyuns 13 Bonpocos. Ha 3ader cTyneHTy nocieaoBareabHo
3a/1ar0T ABa Bonpoca. HaliTh BEpOSATHOCTB TOTO, YTO CTYAECHT OTBETUT Ha MEPBBI U HAa BTOPOM
BOIIPOC.

2 BapuaHT

3anaga 1. BeposTHOCTh nonacte B MunieHs paBHa 0,9. HaliT BEposSTHOCTB TOTO, YTO YETIOBEK
HE ronajeT B MullleHb? UTo OoJiee BEpOSATHO: MONACTh WM HE NMONAacTh B MULIEHb?

3anaua 2. BeposTHOCTh JONYCTUTH OJIHY OLIMOKY B KOHTPOJIbHOM padoTte paBHa 0,4.
BepostHocTs nonyctuth aBe omubku pasHa 0,3. HaiiTi BEposiTHOCT TOTO, UTO CTYAEHT
JOTTYCTHUT OJHY WJIN JABE OLUIMOKH.

3amaua 3. Kaxaplii U3 Tpex 4eaoBeK BHIOpal cebe 1o 0HOM u3 ceMu HOT. HaliTi BepOATHOCTH
TOT0, YTO BCE NEPBBIN U BTOpoi BbiOpanu HOTY J{O, a TpeTuii uenosek BoIOpan HOTy JISI.
3anada 4. EcTh 1Be KOOI KapT U ABa UTPOKa. M3 mepBoii KOOI JOCTAIOT OAHY KapTy
MIEPBOMY UTPOKY, a U3 BTOPOU KOJIOJbI — BTOPOMY UTpOKy. HailTu BEpOSATHOCTD, YTO KOMY-TO
JanyT KOpOJIS.

3anmaya 5. BepoatHocTh caath 3adeT paBHa 0,7. HailTu BepOSTHOCTB, YTO CTYI€HT TPH pas3a
cIaBaj 3a4eT U BCE TPH pa3a €ro He CMOT C/IaTh.

3amaua 6. B xop3uHe 6 KpacHBIX U 8 3esIeHbIX mapa. YenmoBek mocie1o0BaTeNbHO TOCTAeT TPU
nrapa. Haiitu BepoSTHOCTB, YTO NEPBBIN 11ap OyAeT KpacHbIM, @ BTOPOU U TPETUH 3€JI€HBIMHU.
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3 BapuaHT

3anava 1. BepostTHOCTh OJTIOMKHM MatinHbl paBHa 0,1. HaliTu BeposiTHOCTH TOr0, 4TO MallliHA HE
cinomaercs? Yto Oosiee BEpOSATHO: MaIIMHA CIIOMAETCS UK HE CIIOMaeTcs?

3anmava 2. BepositHocTh caath sk3ameH Ha 3 — 0,7. BepositHOCTh cnath dk3ameH Ha 4 — 0,2.
HaiiTu BeposATHOCTD, UTO CTYAEHT CAaTh SK3aMEH WU Ha 3, Ui Ha 4.

3anaya 3. Y Tpex 4eraoBeK CIPOCHIIN, B KAKOM MECSI OHU poauiauch. HaliTu BEposSTHOCTD, UTO
BCE TPU YEJIOBEKA POAMIINCH B MapTe.

3anava 4. EcTe ABE K0JI0/1bI KapT U ABa Urpoka. M3 mepBoii KOJI0bl JOCTAIOT OJIHY KapTy
IIEPBOMY UI'POKY, a U3 BTOPOM KOJIOJbI — BTOPOMY UI'pOKY. HallTu BEpOSATHOCTB, YTO KOMY-TO
JalyT 1aMy YEPHOU MacCTH.

3agayva 5. [{ns crynenta MiBaHoBa BeposiTHOCTD cliath 3a4eT paBHa 0,5. Jlist ctynenrta [letposa
BEPOATHOCTH claTh 3a4eT paBHa 0,8. s ctynenta CupopoBa BEpOATHOCTH CIaTh 3a4€T paBHA
0,3. HaiiTu BepoATHOCTH TOTO, YTO BCE TPOE HE CAAAYT 3a4ET.

3anava 6. B kop3uHe 6 KpacHbIX, 8 3eNIeHBIX U 7 YepHBIX mapa. YeaoBek Mociae10BaTeIbHO
JocTaeT /Ba mapa. HailTi BeposTHOCTh, UTO MEPBBIi m1ap OyJIeT KpacHbIM, a BTOPOIl YUEPHBIM.

4 BapuaHT

3anaua 1. Bepoarnocts cnath 3auet paBHa 0,4. HaiiTu BepoSITHOCTb TOTO, UTO CTYJIEHT 3a4€T HE
caact? Urto Oosee BEpOSATHO: CAATh 3a4ET MIIA €ro HE CIaTh.

3anayva 2. BepositHocTh cHera — 0,5. BepositHocTh 10 — 0,3. HaliTu BEpOSITHOCTH TOTO, YTO
OyIeT CHer Uiu 10XK/Ib.

3amaua 3. Y IBYX 4e€IOBEK CIPOCHIIN, B KAKOH JICHb HEIEU OHU pOAMIUCh. HaliTh BEpOsSTHOCT®D,
YTO BCE TPU POJIUIIUCH B TOHECIIbHHUK.

3anaua 4. EcTb 1BE KOJOABI KapT U JBa UTpoKa. M3 mepBoii KOI0ABI JOCTAIOT OJHY KapTy
MEPBOMY UTPOKY, & U3 BTOPOI KOJIOJBI — BTOPOMY UTPOKY. HaiiT BeposSITHOCTh, YTO KOMY-TO
JaayT YEPHYIO MACTh.

3amaua 5. YenoBek ABaXKIbl J€JIa€T OJHO U TOXKE yIpaKHEHHE. BEposTHOCTh TOMYCTUTD
omn6OKy paBHa 0,7. HaliTu BEposSTHOCTh TOT0, YTO YEJIOBEK HE IOMYCTUT OLIHOOK.

3amaua 6. YenoBek MocieoBaTeIbHO JOCTACT U3 KOJIOIbI TpU KapThl. HailTu BEpOATHOCTH, YTO
nepBasi kKapTa OyZeT BOJIbTOM, BTOpasi KapTa — TY30M, a TPEThsI KapTa - JTaMOM.

Kpurepun onenuBanus:

Ouenka O0ocHOBaHME OLICHUBAHUS

«OTIUIHO Bce 3aganus BBEITIOJIHEHBI TPABUIIHLHO
«Xopomuo» [TpaBUIIbHO BBIMIOHEHHI TIO0BIE 5-6 3aMaHMs
«Y IOBJIETBOPUTEIHHO [IpaBunBHO BBITIOTHEHHI JIOOBIE 3-4 3aMaHus
«HeynoBiaeTBOpUTETEHOY» [IpaBUNbHO BBIOJIHEHO MeHee 3 3aAaHui

Ilpakmuueckan paooma Nell Tpenaosicepovt no meme: Pagnocunvnocms ypagrnenuil

PaBHOCHJILHOCTDH YpaBHEHMIt
Omnpenenenue 1: J/[Ba ypaBHeHus ¢ oHO# nepemenHou f(x)=g(x) u p(X)=h(x)
Ha3bIBAIOTCS PABHOCHJILHBIMH, €CITH MHOKECTBA MX KOPHEH COBITAArOT.
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Omnpenenenue 2: Eciau kaxapiit kopens ypaBaenus f(X)=g(x) (1)
SBIISICTCS B TOXKE Bpemst KopHeM ypaBHenus P(X)=h(X) (2),
TO ypaBHEHHE (2) HAa3bIBAIOT CJeCTBHEeM ypaBHeHuUs (1).
(D—(Q2)
OueBuaHo: JIBa ypaBHEHUS paBHOCHIIBHBI TOT/IA M TOJIBKO TOTJA, KOT/Ia KXKI0€ U3 HUX
SBIISIETCS CJIEJICTBUEM JIPYTOTO.
(1e(2)
Cxema pemenus Jii000ro ypaBHeHuUs:
1. Texnuueckuii sman. OcymecTBisercs npeodpazoBanue ypaBuenusi(1)—(2)—(3)—4) ...
2. Ananu3z pewenus. Bee nu npeo6pa3oBanust ObLUTH paBHOCHIbHBIMU?
3.I1posepxa.
Peanuzanus naHHOTrO M1aHa CBsi3aHa C IOMCKOM OTBETOB Ha YETHIPE BOIPOCa:
Kak y3HaTh, SBISICTCS JTU MIEPEX0]] OT OJJTHOTO YPABHEHHUS K JIPYTOMY PAaBHOCHIIHBHBIM
npeoOpazoBaHueM?
Kakue npeoOpa3oBaHus MOTYT IEPEBECTH JaHHOE YPAaBHEHHE B ypaBHEHHUE-CIICACTBUE?
Ecnu MBI B KOHEYHOM UTOTE PEIIMIN ypaBHEHHE-CIEACTBHE, TO KaK C/IeJaTh MPOBEPKY B ClIydae,
KOT'JIa OHA COTPSDKEHA CO 3HAYUTEILHBIMUA BEIYUCITUTEILHBIME TPYIHOCTSIMU?
B kakux ciaydasx mpu nepexojie oT OAHOTO ypaBHEHUS K JPYroMy MOKET IPOU3OUTH MOTEPS
KOPHEH 1 KaK 3TOr0 HE JOMYyCTHTh?
1.Teopembl 0 pABHOCWJIBHOCTH YPABHEHHI.
«CMOKOIHBI&» TEOPEMBI:
Teopema 1. Eciiu kakoii 1100 4jieH ypaBHEHHUS [IEPEHECTH U3 OJIHOM YacTH ypaBHEHHUS B
JIPYTYIO C TIPOTHUBOIIOIOXHBIM 3HAKOM, TO TIOJIYYUTCS] ypPaBHEHHE, PABHOCHILHOE TAHHOMY.

Teopema 2. Eciiu 00e yacTu ypaBHEHUS BO3BECTU B OJIHY U Ty K€ HEUETHYIO CTENIEHb, TO
MIOJIYYUTCS] YPABHEHUE, PABHOCUIIBHOE TAHHOMY.

Teopema 3. [TokasatensHoe ypasHenue a '™ =a 9% (rae a>0, a#1) paBHOCHIBHO
ypasaenuto f(X)=g(x).

«0ecnoKoiHbIE» TeOpeMbI:
Omnpeaenenue: O6aacTbio onpeaeaeHus: ypapHenus f(x)=g(x) mino0/1acTbi0 10MyCTUMbIX
3nauenuii (O/13) nepemeHHOI Ha3bIBAIOT MHOXECTBO T€X 3HAYCHHH MIEPEMEHHOM X, IPU
KOTOPBIX OJIHOBPEMEHHO UMEIOT CMbICT BhIpaxkeHus f(x) u g(X).

Teopema 4. Eciin 06¢ yactu ypaBaeHust f(x)=g(x) yMHOXHTB Ha OJIHO U TO e Boipakenue h(X),
KOTOpOE:

A) umeet cMbIc Beroay B obsactu onpeaesenus (B O/13) ypasuenus f(X)=g(X)
b) nurne B 3Toi o6nactu He oOpartaercs B 0 —
to nonyuutcs ypasuerue f(X) h(x)=g(x) h(x), paBHOocHIbHOE TaHHOMY.
CaencrBue («crokoitHoe» yTBepxkaeHue): Eciu 06e yactu ypaBHEHUS yMHOXUTD WU
pa3eauTh Ha OJIHO M TO K€ OTIIMYHOE OT HYJIS YMCIIO0, TO TIOJTYYUTCS YpaBHEHHUE, PABHOCHIILHOE
JTAHHOMY.

Teopema 5. Eciin 06e wactu ypaBuenus f(X)=g(x) HeoTpuiaTensHbl B 00JACTH ONPEICTCHUS
YpaBHEHHSI, TO MOCIIE BO3BEICHHUS 00CHX €ro 4acTeil B OJHY U TY JKE YETHYIO
CTereHb N MOJy4uTCs ypaBHEHUE, paBHOCHIbHOE HanHomy f(X)" =g(x) ".

Teopema 6. Eciu f(x) >0 u g(x) >0, To morapupmudeckoe ypasuenue 10g.f(X)=log. g(x), rue
a>0, a#1, paBHocuibHO ypaBHeHUO f(X)=g(X).

2. IIpeoGpa3oBaHue JaHHOIO YPABHEHHUSI B YPABHEHHE-CJIeICTBHE.
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Ecnu B poluecce perieHns ypaBHEHNs Mbl IPUMEHWIN 3aKJIIOUEHUE OJHON U3 TeopeM 4,5,6, He
IIPOBEPUB BBINOJIHEHHS OTPAHUYUTENBHBIX YCIOBUH, 3aJI0’)KEHHBIX B (POPMYIHUPOBKAX TEOPEM, TO
IIOJIYYUTCSl ypaBHEHUE-CIIECACTBHE.
HexoTtopsle nepexoab! OT OAHOTO YpaBHEHUs K IpyroMy MPUBOJAT K PAaCIIUPEHUIO 00IaCTH
onpeneneHus: ypapueHus. imenno B qo06asnennyto yacth O/13 U «IpOHUKAIOT» MOCTOPOHHUE
KODHH.

IIpuynHbI pacimmpenns 00/1aCTH onpeaeIeHNs] YyPABHEHUsI.
OcB0o0OOX/1eHUE B ITPOLIECCE PELICHUs] YPaBHEHUS OT 3HAMEHATeNeH, COIepIKaIllX IEPEMEHHYIO
BEJIMUUHY.
OcBo0OoX/1eHUE B ITPOLIECCE PELICHUs] YPaBHEHUs OT 3HAKOB KOPHEH YETHON CTEIEHH.
OcB00OOX/1eHUE B MTPOLIECCE PEUICHUS] YPAaBHEHUS OT 3HAKOB JIOTapU(MOB.

Oobs13aTesibHA POBEPKA BCeX HalIeHHBIX KOPHEil, ecJIu:

MPOM30IIUIO pacIIupeHne 00IacTu ONpeaesoeHns ypaBHEHuUSI.
OCYILECTBIIIOCH BO3BEIeHHE 00enX YacTeil ypaBHEHHs B O/IHY U TY K€ YETHYIO CTEIICHb.
BBINOJIHSJIOCH YMHOXKEHHE 00eHX YacTel ypaBHEHHUS Ha OJHO U TO K€ BBIPAXKEHUE C
HepEeMEHHOH (pa3yMeeTcs, UMEIOIee CMBICI BO BCel 001aCTH ONpEeICHHUs ypaBHEHUS).

3. O npoBepke KOpHeii.
Kax mpaBuiio, caMblii Jierkuil 00X0IHOM MyTh MPOBEPKHU — 0 obsactu onpenenenus (O/13)
3aJJaHHOTO ypaBHEeHUA. Ho He mepeorieHuBaiiTe 3TOT Croco0: OH SBJISETCS MOJTHOIEHHBIM TOJIBKO
B TOM CiIy4ae, KOTa IIpU PELIeHNN YpaBHEHUA IPYIUX IPUYNH HAPYIIEHUS PaBHOCUIBHOCTH,
KpOMeE pacuIupeHusi 00JI1acTH OIpeieleH s, He ObUIO (9TO yalle Bcero ObIBaeT B
JorapupMUUECKUX ypaBHEHHUsX ). [Ipu pemeHun xe npparoHaIbHBIX YpaBHEHHH, TIe
UCIIONIb3YETCSI METO/I BO3BE/ICHHUSA B KBaJIpaT, CIIOCO0 MPOBEPKH HaiieHHBIX KopHel o O/13 He
BBIPYYUT; JIY4IIIe, €CIIM 3TO BO3MOXKHO, JISIAaTh MPOBEPKY IMOJCTAHOBKOM.

4. O nortepe KopHei.

[Ipyu4ynHEI IOTEPU KOPHEH NIPU PEILIEHUH YPABHEHUN:
JieTieHne 00enX YacTell ypaBHEHHUS Ha OJHO U TO ke Beipaxkenue h(X) (kpome Tex ciaydaes, KOraa
TOYHO M3BECTHO, YTO BCIOAY B 00JACTH OIPEIeIICHUS] YPaBHEHHUS BBIMOIHsETCS yeiaoBue h(X)
#0).
cyxenue O/I3 B npouecce pelieHus: ypaBHEHUS.
3amena ypaBHenus h (f(X))= h (g(x)) ypaBaenuem f(x)=g(x) B ToM city4ae, eciau QyHKIUS
y= h(X) — HeMoHOTOHHAsT DyHKITHS.
DTOT METO MOXHO MPUMEHHUTH TOJIBKO B TOM citydae, eciu GyHkius y= h(X) — MOHOTOHHAs

byHKLUS.

1 BapuanT

1. JloGaBbTe NOMOTHUTEIBHOE YCIOBHE TaK, YTOOBI ypaBHEHHUS
a*b=d*bua = d ObuIH pPABHOCHIIEHBI
2. PemuTth 2-Ms crioco0amu ypaBHEHHE:
2V1 —x% = X — 2 W czenarh BBIBOJ
3. PaBHOCHIIbHBI JIM ypaBHEHHUS:
51 4+ 5¥ =750 u x?—9=07?

4. PemuTh ypaBHEHHE:
sin 4x = 0 ¥ BBIYMCIHTH TOXYYCHHBIN pe3ynbraT mpu k = 0; +2
5. Haiitu kopeHb ypaBHEHHUS:

2x—9 3X

2x—5 2-3x

2
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2 BapuaHT

1. JloGaBbTe NOMOTHUTEIHHOE YCIOBHE TaK, YTOOBI ypaBHEHHUS
va = b v a = b?6bu1H PaBHOCHITBHEI
2. Pemmmth 2-Ms1 cioco0amMu ypaBHEHHE:
Vx+1=x—1 ucaenars BBOJ
3. PaBHOCHIIbHBI JIM ypaBHEHHUS:
6572 —6*=35 u x*=0?
4. PemmTh ypaBHEHHUE:
€0s 6X = 1 ¥ BBIYMCIUTDH NMOTYYCHHBIN pe3ynbTat npu k = 0; i%
5. Haiitu kopeHb ypaBHEHMUS:
2x—1 5-—4x
x—3 * 3—-x

Kpurepun ounenuBanmsi:

Ouenka O0ocHoBaHMeE OLICHUBAHUA

«OTa4HO» Bce 3aaHus BBINOIHEHBI IPABUIIBHO
«Xopomo» [IpaBrIIbHO BBINOJIHEHBI JIO0OBIE 4 3a1aHUA
«Y IOBJIETBOPUTEIILHO) [TpaBUIbHO BBINIOJIHEHBI JHOObIE 3 3a1aHUS
«HeynoBineTBOpUTEIBHO» [IpaBuiIbHO BBINOIHEHO MEHEE 3 3a1aHui

Ilpakmuueckasa paooma Ne42 Tpenascepvt no meme: Ocrosénvle npuemot peuteHus
YPAGHEHUIL

Pemienne ypaBHeHUsI — 3TO TPOIIECC, COCTOSIIIUN B OCHOBHOM B 3aMEHE 33JJAHHOTO YPaBHEHUS
JPYTUM YpaBHEHUEM, €My PaBHOCHIbHBIM. Takas 3aMeHa Ha3bIBACTCS TOKAECTBEHHBIM
npeodpazoBanneM. OCHOBHBIC TOXK/IECTBEHHBIEC MTPEOOPA30OBAHUS CIICTYIOIIUE:

1.3aMeHa OIHOTO BBIPAKEHHSI JPYTUM, TOKICCTBEHHO PABHBIM
emy. Haripumep, yparerne ( 3X+ 2 ) 2 = 15x+10 MOXHO 3aMEHHUTH
CIeIYIONUM PaBHOCHIBHEIM: 9X% + 12X + 4 = 15x + 10 .

2.IlepeHoC WiEHOB ypaBHEHHS U3 OJHOW CTOPOHBI B IPYT'YIO C 0OpaTHBIMK 3HaKaMu. Tak, B
IpEeIbIAYIIEM YPAaBHEHUU MBI MOYKEM TIEPEHECTH BCE €r0 YWICHBI U3 MPABOM YacTH B JICBYIO CO
3HAKOM « — »: 9x% + 12X + 4 — 15x — 10 = 0, mocze wero momyunm: 9x?> —3x—6=0.

3. YMHOXKEHHUE WITH JIeJICHUEe 00enX YacTell YpaBHEHHUS Ha OJTHO U TO K€ BBIPAXKCHHE (YUCIIO),
OTJMYHOE OT HyJIsL. ITO OYEHb BKHO, TAK KAK HOBOE YpaBHEHHE MOYKET HE OBITh

PaBHOCHUJIBHBIM IIPENIBIAYIIEMY, ECIIH BBIDAXKEHUE, HA KOTOPOE Mbl YMHOXKAEM WUJIU JI€TIUM,
MOJKET OBITh PaBHO HYIIIO.

[Ipumep. YpaBaenne X —1 =0 mmeer eAMHCTBEHHBIH KOpeHb X = 1.
YMHOXHB 00€ ero yacTu Ha X — 3, Mbl IOJYYUM ypaBHEHHE
(x—=1)(x—-3)=0, ykoroporo aBa kopHsi: X=1wu X=3.
[TocnenHee 3HauUEHUE HE ABIAETCS KOPHEM 33JJaHHOTO YPaBHEHHUS
X —1=0. Dro Tak Ha3pIBaeMbIii MOCTOPOHHHIT KOPEHBD.

N HaobopoT, AeseHne MOXKET IPUBECTH K moTepe KOpHs. Tak
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B HameM ciy4dae, eciu ( X — 1 )( X — 3 ) = 0 sBnsieTcs HCXOAHBIM
ypaBHEHHEM, TO KOpeHb X = 3 OyIeT MOTEepsiH MPU JCTCHUN
o0enx yacTeil ypaBHEHHS HA X — 3 .

B nocnennem ypaBHeHUH (11.2) Mbl MOKEM Pa3AeInUTh BCE €0 WiIEHbI Ha 3 (HE HOJIb!) U
OKOHYATEJIbHO MOJIyYUM:
32— x-2=0.
OT0 ypaBHEHHE PABHOCUIIBHO UCXOIHOMY:
(3x+2)>=15x+10 .

4.Mo>xHO BO3BeCTH 00€ YacCTH ypaBHEHHS B HEUETHYIO CTETIEHb WJIM M3BJIeYb U3 00enX yacTei
ypaBHEHMsI KOpeHb HEUETHOH creneHn. HeoOXoMMo NOMHUTB, YTO:

a) BO3BE/ICHUE B YETHYIO CTEIICHb MOKET MPUBECTU K IPUOOPETEHUIO IOCTOPOHHUX
KOpHEH;

0) HenmpaBUJIbHOE U3BJICUYEHUE KOPHS YETHOM CTENIEHU MOKET MPUBECTHU K ITOTEPE KOPHEH.

[Ipumeps. YpaBHeHue 7X =35 MMeeT eJMHCTBEHHBIH KOPEHb X = 5 .
Bo3Bens 06e yacT 3TOro ypaBHeHUs B KBaJpaT, OJTyYUM
ypaBHEHUE:

49x% = 1225 .

umMmeroniee Ba KOpHa: X =5 u X =— 5. [locnenHee 3HaueHHe
SIBIISIETCSI TOCTOPOHHUM KOPHEM.

HenpaBuibHoe n3BleUeHNE KBAAPaTHOTO KOPHS U3 00enx
yacTeii ypaBHenus 49x° = 1225 naér B pesynsTare 7X = 35,
U MBI TepsieM KOpeHb X = — 5.

[IpaBuipHOE W3BJICUEHNE KBAAPATHOTO KOPHS MPHBONT K
ypaBHeHHIO: | 7X | = 35, a ciemoBaTeIbHO, K IBYM CITyJasM:

1) 7x=35,torma Xx=5; 2) —7x=35,Torma X=-5.

CnenoBarenbHO, U NIPABUIBHOM U3BJICUYEHUHN KBAaIPATHOTO
KOPHSI MbI HE Te€psieM KOpHEH ypaBHEHHUSI.

UYTo 3HAYMUT NpaBUIIBHO U3BJIEYb KOPEHB? 31€Ch MBI BCTpPEYaeMCsl
C OYEHb BaKHBIM IOHATHEM apU(PMeTHYECKOr0 KOPHS

1 Bapuanr:
Bribepure crioco0 pemieHust ypaBHEHUs, U HAIUTe €ro KOPHH:

1. X*+3x*=0;

2. 47 -10-2" =24,
4 5
Vi +d 45

x—1=+/x+5

log, (4 - x)+log,(L—2x)=2log, 3.
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2 BapuaHT:
BriGepute crioco6 pemeHust ypaBHEHUsI, 1 HAWAUTE €ro KOPHU:

1. x*—x*—-x+1=0;
2. 5X—24:§;
5X
x*+1 X 29
=
by x“+1 10
4. (x*-4Nx+5=0;
5. 2logZx-7log,x+3=0.

Kpurepun oueHuBanms:

Ouenka O0ocHOoBaHMeE OLICHUBAHUA

«OTa4HO» Bce 3aaHus BBINOIHEHBI! IPABUIIBHO
«Xopomo» [IpaBrJIbHO BBINOJIHEHBI JIO0OBIE 4 3a1aHUA
«Y IOBJIETBOPUTEIILHO) [TpaBUIbHO BBINIOJIHEHBI JHOObIE 3 3a1aHUS
«HeynoBineTBOpUTEIBHO» [IpaBuiIbHO BBINOIHEHO MEHEE 3 3adaHUM

Ilpakmuueckaa paooma Ne43 Tpenascepvt no meme: Cucmemul ypagnenuil

CucremMa ypaBHeHHUI — 3TO IpyIa ypaBHEHMH, B KOTOPBIX OJHHM U T€ YK€ HEU3BECTHBIC
MOJIpa3yMeBalOT OJHU Te k€ yucia. YToObl MoKa3aTh YTO YpaBHEHHUS pacCMaTpPUBAIOTCS Kak
cucTeMa, CiIeBa OT HUX CTaBUTCS (UTypHast CKOOKa:

X-4y =2
3x-2y=16

PemmThb cucreMy ypaBHeHM# — 3TO 3HAUUT HaWTH OOIIME peLIeHMs JUIl BCEX ypaBHEHUM
CUCTEMBI WIIN YOEIUTCS UTO PEIICHUS HET.

YToOBl pemuTh CUCTEMY YPAaBHEHUH HYKHO MCKIIIOYUTH OJIHO HEU3BECTHOE, TO €CTh U3 JIBYX
YPAaBHEHUN C JABYMsI HEHW3BECTHBIMH COCTaBUTh OJIHO YPaBHEHHE C OJHUM HEU3BECTHBIM.
WCKIIOUnTh OAHO M3 HEU3BECTHBIX MOYKHO TpeMsl CIOCOO0aMM: IMOJICTAHOBKOM, CpaBHEHHUEM,
CJI0’)KEHUEM WJIN BBIYMTAHUEM.

Cnocod moacranoBKH

YToOb! pelInTh CUCTEMY YPaBHEHHH CITIOCOOOM IMO/ICTAHOBKH, HY’KHO B OJIHOM U3 ypaBHEHUI
BBIPA3UTh OJHO HEW3BECTHOE 4Ye€pe3 APYroe U pe3ynbTaT IOACTaBUTh B APYro€ YpaBHEHHUE,
KOTOpOE TOCje 3TOro OyJeT coJlep:KaTh TOJBKO OJHO HEU3BECTHOE. 3aTeM HaxOJUM 3HaueHue
JTOr0 HEU3BECTHOI'O U IOJCTABIIAEM €r0 B IIEPBOE YPAaBHEHME, IIOCIIE ITOTO HAXOAUM 3HAYEHUE
BTOPOT'0 HEM3BECTHOTO.

PaccMmoTpuM pelieHre CUCTeMbl ypaBHEHUM:

X-4y =2
3x-2y=16

Chavana HainéM dYeMy paBEH X B TIEPBOM YpaBHEHWHU, [JII OTOTO TMEpPEeHECEM BCE HWICHBI
YpaBHEHUS, HE COJEPKALIME HEUZBECTHOE X, B IIPABYIO YaCTh:
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X-4y=2

X=2+4y
Tak xak X, Ha OCHOBAHHMM OIIPCACICHUA CHUCTCMBbI ypaBHeHHﬁ, HUMECCT TaKO€ XK€ 3HAYCHHC U BO
BTOpPOM YpaBHCHHH, TO IIOACTABIIIEM €ro0 3HAUYCHUC BO BTOPOC YpaBHCHHUC H IIO0JTy4dYaeM
YpaBHCHUEC C OAHUM HCHU3BCCTHBIM:

3x-2y =16
3(2+4y)-2y=16
Pemraem nmonmyueHHoe ypaBHEHHE, YTOOBI HATH YyeMy paBeH Y. Kak pemars ypaBHEHHs C OJTHUM
HCHU3BCCTHBIM Bbl MOXETE IIOCMOTPETH B COOTBCTCTBYIOIHGIZ TEME.

3(2+4y)-2y=16

6+12y-2y=16
6+ 10y =16
10y=16-6

10y =10
y=10:10
y=1

Ml OMnpeaAciIiniInu 4TO y = 1, TCIICPb, I HAXOXIACHUSA YHCIICHHOI'O 3HAYCHUA X, MOJCTAaBUM
3Ha4yeHue Y B IpeoOpa3oBaHHOE MEPBOE YpaBHEHHUE, /1€ Mbl paHEE HAIIN KAKOMY BBIPAXKEHUIO
PaBeH X:
X=2+4y=2+4-1=2+4=6

OtBer: X=6,y = 1.
Cnoco6 cpaBHeHust

Crioco® cpaBHEHHSI — OSTO YaCTHBIA CiIydail TOJACTaHOBKH. UTOOBI pEIIUTh CHCTEMY
YPaBHEHMH CIIOCOOOM CpaBHEHHUS, HYKHO B OOOMX YPaBHEHHUSX HAWTH KAaKOMY BBIPaKEHUIO
OyZeT paBHO OJIHO U TOXE HEHW3BECTHOE U NPHUPABHATH MOJYyYEHHBIE BBIPAXKEHUS APYT K APYTY.
ITony4yuBiieecss B pe3ynbTaTe ypaBHEHHUE IO3BOJIACT yY3HATh 3HAUYEHUE OAHOIO HEU3BECTHOIO, C
MMOMOIIBIO 3TOT'O 3HAUYCHUA 3aTEM BBIYUCIIACTCS 3HAUCHUEC BTOPOT'O HEU3BECTHOIO.

Hampumep, 151 pelieHre CUCTEMBI:

X-4y =2
3x-2y=16

HaiigéM B OOOMX YpaBHEHMSAX dYeMy paBeH Y (MOXKHO clenaTh M HAoOOpOT — HAWTH Yemy
paBeH X):

X-4y =2 3x-2y=16
4y =2 -X -2y =16 - 3x
y=(2-Xx):-4 y=(16-3x): -2
CocraBisieM U3 MOJIYUYCHHBIX BBIpa)KeHI/Iﬁ YpaBHCHUC!
2-x  16-3x

42
Pemaem YpaBHCHUC, YTOOBI Y3HATb 3HAYCHUC X:
2-X _ 16-3x
7 (-4) = — (-4)
2-x=32-06x
2-Xx+6x=32-2
5x =30
x=30:5
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X=6
Tenepb MOACTaBIISIEM 3HAYCHHE X B TMEPBOE WM BTOPOE YPABHEHUE CHUCTEMbI W HAXOJIUM
3Ha4YCHHUC Y.

X-4y =2 3x-2y=16
6-4y=2 3:6-2y=16
dy=2-6 -2y =16-18
-4y = -4 -2y = -2
y=1 y=1

OtBer: X =6,y = 1.
Cnoco0 c10:xeHus NI BLIYMTAHUSA

YToOBl pElIMTh CUCTEMY YPaBHEHHH CIIOCOOOM CIIOKCHHS, HY)XHO COCTaBHTh M3 JBYX
YpaBHEHUU OJIHO, CJIOXKUB JICBBIE M IPaBbIe YAaCTH, MPU ITOM OJHO W3 HEU3BECTHBIX IOJHKHO
OBITh MCKITIOYCHO M3 TOJYYEHHOro ypaBHeHHs. Hen3BecTHOE MOKHO MCKIIIOYUTH YPaBHSB IPH
HEM KO3 PUITMCHTHI B 000MX ypaBHEHUSIX.

PaccmoTpum cucremy:

X-4y =2
3x-2y=16

YpaBusiem k03 (PUIIMEHTHI TPU HEU3BECTHOM Y, YMHOKHUB BCE WIEHBI BTOPOI'O YpaBHEHUS Ha -2:
(Bx-2y)--2=16"--2
-6x + 4y = -32
MOTYYHNM:
X-4y =2
-6x + 4y = -32

TenepL CIOXKMM TI0 dYacTaM o0a YpaBHCHUA, YTOOBI INOJIyYUTb YpaBHCHUC C OIHUM
HCHU3BCCTHBIM!

X -4y=2
-6x + 4y = -32
-5x =-30

Haxomum 3nauenue X (X = 6). Tenepsr MOACTaBUB 3HAUEHHUE X B JII000O€ YpaBHEHHE CHUCTEMBI,
Haraém y = 1.

Ecnu ypaBHATE KOADPHUITUEHTHI Y X, TO JJIsT UCKIFOUEHHUS STOTO HEM3BECTHOT'O HY)KHO OBLIO
OBl BBIUECTh OJTHO YpaBHEHUE U3 JPYTOTO.
VYpaBuseMm k03 HUIMEHTHI TPU HEM3BECTHOM X, YMHOKHUB BCE YJIEHBI IIEPBOTO YpaBHEHUS Ha 3:

(x-4y)-3=2-3
3x-12y=6
MMOJIyYrM:
3x-12y =6
3x-2y=16

Tenepb BbIUTEM IO YaCTAM BTOPOE YPAaBHEHHE U3 MEPBOr0, YTOOBI MOJIYYUTHh YpPABHEHHE C
OJIHUM HEU3BECTHBIM:

3X - 12y =6
3x - 2y=16
-10y =-10
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Haxomum 3nauenme Yy (Y = 1). Temepp mojcraBuB 3HaueHHE Y B TI000€ ypaBHEHHE CHCTEMBI,
HaliéM X = 6:

3x-2y=16

3x-2-1=16

3x-2=16

3x=16+2

3x=18

x=18:3

X=6

OtBer: X =6,y = 1.
Jis pemieHuss CUCTEMBbl ypaBHEHHMH, PAacCMOTPEHHOHM BbINIE, ObUI HCIIOJIB30BAaH CHOCO0
CJI0’KEHHUS, KOTOPBI OCHOBAH Ha CJIEYIOLIEM CBOMCTBE:

1 Bapuanr:
x+xy=3
xyz +xy3 =12’

2.6% -3y =69

cosx—cosy =1

lg(x* +y?)=2

4, .
log,x+log,,y=1

2 BapuaHT:

1.
X2+ Xy +y? —109

) 3 +3' =12
6" =216
3 { -
sinx+siny=1"

log, x+log, y=2

4 log; x—log, y=4"

Kpurepun onenuBanus:
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Onenka Oo0ocHOBaHHNE OLIeCHUBAHUSA

«OTANYHO» Bce 3apanus BBIIOJIIHEHB! IIPABUIIBHO
«Xopouio» [TpaBUIbHO BBINIOJIHEHBI JHOObIE 3 3a1aHUS
«Y IOBJIETBOPUTEIILHOY [TpaBUIbHO BBINIOJIHEHBI JHOObIE 2 3a1aHUS
«HeynoBiaeTBOpUTEIILHO» [IpaBuiIbHO BBINOIHEHO MEHEE 2 3a1aHUN

Ilpakmuueckasa paooma Ned4 Tpenarxcepvt no meme: Pewienue nepasencme

HepaBeHCTBOM HAa3bIBACTCA BBIPAXKCHHUE, B KOTOPOM (bYHKI_II/II/I COCIUHAIOTCS 3HAKaMU

OTHOIICHUS >, <, = , = HepaBeHcTBa OBIBAIOT Kak YUCIIOBBIC, TAaK U OYKBEHHEIE.

HepaBeHcTBa ¢ IByMsI 3HAKaMH OTHOILICHHSI, HA3bIBAIOTCS JIBOMHBIMHE, C TPEMsI - TPOMHBIMH U
T.1. Hanpumep:

a(x) > b(x),

a(x) < b(x),

a(x) = b(x),

a(x) = b(x).

a(x) < c¢(X) < b(x) - nBoitHOE HEPABEHCTRO.

HepaBeHcTBa, copepikaliie 3HaK > WK < , HA3bIBAIOTCS CTPOTUMH, & HEPABEHCTBA, COJIEPIKAIINE

== nJIn == - HCCTPOIruMHU.

Pemennem HepaBeHCTBa sBJIIETCS J1I000€ 3HAUEHHUE [IEPEMEHOM, IPU KOTOPOM ITO
HEpaBEHCTBO Oy/Ie€T BEPHO.

"PeliMTh HEPABEHCTBO' 03HAYAET, YTO HAJ0 HAITH MHOKECTBO BCEX €r0 PELIECHUH.
Cy1ecTBYIOT pa3InuHbIE METOAbI PeLIcHUs HepaBeHeTB. /s pemeHust

HepaBeHCTBA MOJIb3YIOTCS YUCIOBOM PSIMOM, KOTOpast 0eckoHeuHa. Hanpumep, pemenuem
HEpPaBeHCTBA X > 3 eCTh MPOMEXYTOK OT 3 10 + & | mpudeM 4uciio 3 He BXOAUT B OTOT
IIPOMEXKYTOK, TI03TOMY TOYKa Ha MPsAMON 0003HAYAETCs MMYCTHIM KPY>KKOM, T.K. HEpaBEHCTBO
CTporoe.

D W

co + GO

OtBet OyJeT CIenyOnM: X € 3;+®).
3HaueHUE X=3 HE BXOJIUT B MHOXKECTBO PEILICHHUH, TO3TOMY CKOOKa KpyTiasi. 3HaK

€

6eckoneunoctn & Bcerma BhIICSIETCS KPYTJIONH CKOOKOM. 3HAK O3Hay4aeT

«HpI/IHa[[JIG)KaHI/Ie».
PacCMOTPHM KaK pelliaTh HEPABEHCTBA Ha APYTOM IIPUMEpPE CO 3HAKOM = |
X= 2

2

\ o

-CO +CO
3HayeHne X=2 BXOJUT B MHOKECTBO pPEIICHUH, TO3TOMY CKOOKa KBaJipaTHas U TOYKA Ha MPSMON
0003HavyaeTcs 3aKpalIeHHBIM KPYKKOM.

OtBet OyzIeT CIEeIYIOIMNM: X = [2; +C0).

CBolicTBa HEpPaBEHCTB
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BbiiensioT Tpu OCHOBHBIX CBOMCTBA HEPABEHCTB:

1. MoxHO nepeHecTH J000H YiIeH HEpaBEHCTBA U3 OJTHOW YaCTH HEPABEHCTBA B IPYTYIO C

IIPOTHUBOIIOJIOKHBIM 3HAKOM, IIPHU 3TOM 3HAK HEPABCHCTBA HE MCHACTCA.

ITpumep:
3x + 5> x?

PaBHOCHIIBHO 3X - X2 + 5 > 0, IIpH 9TOM X2 GBI EPEHECEH ¢ MPOTUBOIONOKHBIM 3HAKOM.

2. MOXHO yMHOXaTh WJIH JETUTHh 00€ YaCTH HEPABEHCTBA HA OJTHO U TO K€ TOJI0KUTEIBHOE

YHUCIIO0, ITPpU 3TOM 3HaKa HCPABECHCTBA HE MCHACTCS.

ITpumep:
Ox - 3> 12x°

PaBHOCHIIBHO 3X - 1 > 4x2, ipu 5TOM 06€ YacTH TIepBOro HEPABEHCTBA OBUIM Pa3zieseHbl

Ha IT0JIOJKUTEIHLHOE YHCIIO 3.
3. MoxHo YMHOXXUTH WU Pa3AaCInTb 00e yacTH HCPAaBCHCTBA HA OJJHO U TO XK€
OTPHULATCIBbHOC YUCJIO, ITPHU 3TOM 3HAK HEPABCHCTBA MCHACTC Ha HpOTHBOHOJ’IO)KHBIﬁ.

ITpumep:
-2x? - 3x + 1 < 0 paBHOCHIBHO 2X? + 3x - 1 > 0, Ipu 9TOM 00€ YacTH MepBOTO

HCPABCHCTBA YMHOKHJIM Ha OTPULATCIIBHOC YU CJIO -1, 1 3HAaK HCPpAaBCHCTBA U3MCHHJICA HA

HpOTHBOHOJ’IO)KHbIﬁ.

Pemenue cucrem HCPAaBCHCTB

Cucremoii Ha3bpIBaeTCS 3aMTUCh HECKOJIBKUX HEPABEHCTB, 0003HaUYeHHast PUTYpHOIT CKOOKOM, TpH

ATOM KOJIMYECTBO U BHJI HEPABEHCTB, BXOSIINX B CHCTEMY, MOXKET OBITh JTFOOBIM. Perennem
CUCTEMBI HEPABECHCTB SIBIISICTCS TICPECCUCHNE PEIICHUH BCEX HEPABCHCTB, BXOISAIINX B ATY
cuctemy. Hanmpumep, nBoitHoe HepaBeHCTBO f(X) < g(x) < h(X) 3anmuceiBaeTcs CleIyrOIIuM

Jix) <g(x),
g(x) <h(x).
obpa3zom:
ITpumep.
x—1>0,
x+1>0;
Tpebyercs penuTh CIeayIONyI0 CHCTEMY HEPABEHCTB <=""p="" style="border:
none;'>
Pemenue:

V/
¥ ///////WA

-1 1

Cucrema aHaJIOTHYHA HEPABEHCTBY X > 1, MOITOMY OTBET: X < (1;+60),

Pemenne TMHENHBIX HEPAaBEHCTB

JInHeiiHbIM HA3BIBAETCS HEPABEHCTBO BHJIa ax>b, IpU ATOM 3HaK HEPaABEHCTBA MOXKET OBIThH
JIFOOBIM.

x> —
Honyctum a>0, Toraa ax>b paBHOCHIBHO @ | TakuM 00pa3oM MHOXKECTBO PEIICHUIT



!

X <—

HCPAaBCHCTBA ABJIACTCA IPOMCIKYTOK

@ .
Homnyctum a>0, Torna ax>b paBHOCHUIBHO , TAKUM 00pa30M MHOKECTBO peIleHUi

=)

Ecnu ke a=0, Torga 0*x>b, T.e. HEpaBEHCTBO HE UMEET PEIICHUM MTPHU b =0, u BEPHO NpH
Tr00bIX X Tipu b<0.

HEPABCHCTBA ABJIACTCA IIPOMEKYTOK

Pemienne kBagpaTHbIX HEPABEHCTB

KBa/ipaTHBIM Ha3bIBAETCS HEPABEHCTBO BUJIA aX> + bx + ¢ > 0, B KOTPOM a, b, ¢ — HEKOTOpBIE

neficTBUTENbHBIE YncTa i a % 0
[IpocTeHmMy KBaApaTHEIMU HEPABEHCTBAMH SBIISIOTCS HEPABEHCTBA X2 < m M X2 > M
MHOXKeCTBO pellleHHii HepaBeHCTBa X2 < M:

1. mpu m< 0 HET YKcel1, KOTOPbIE B KBaJpaTe Jal0T OTPUIIATEIBHOE YUCIIO (T.€. HET
pelieHuit)

vm ym Vm Vm | Vm

2. mpum>0x < (- ), T.€. - <X< o 1€l VT

MHOKECTBO pelleHHil HepaBeHCTBa X2 > M:

1. npu m<O0x €R (T.€. X - M000€ IEHCTBUTEIIBHOE YHUCIIO);

\‘7_72 \r_n \r_n \"r_’ll
2. mpum>0x S (-00;- V)M (VT 400) re -0 <x<- ' m ' <x<+®

— |1| . Vm

Perienne 6oJiee CIIOKHBIX KBAJAPATHBIX HEPABEHCTB CBOJUTHCS K MIPOCTOMY TIEPEBOIY
BBIP@KEHUS B

ax?+bx+c>0

B HEPABEHCTBO

(X-x1)(X-x2) > 0 , rae x1 1 X2 - KOpPHH KBaJPaTHOTO ypaBHeHHs ax> + bx + ¢ =0,
[MoyueHHOE HEPABEHCTBO MBI PacKiIaIbIBAEM TaKHM K€ 00pa3oM Ha CHCTEMY ITPOCTHIX
HEPABEHCTB U JIETKO HAXOIUM PEIICHHE.

Pemienue HEPAaBCHCTB METOJOM UHTCPBAJIOB

Mertoniom unrepBanoB MoxkHo ®opmyny Hepasectsa Buna h(x) > 0 (<, = = ) CBECTH K
pemieHuto ypasHeHus h(x) = 0.
JIaHHBIN METOJI 3aKIH0YACTCS B CIIEIYIOLIEM:

Haxoautcs O/13 HepaBeHcTBA.

HepasenctBo npusoautcs k Buay h(x) > 0(<, = = ) IMyTEM YIPOLICHHUS.

Pemaercs ypaBaenue h(x) = 0.

Ecnu va O/13 oTMeuYeHbI TOUKH, OHU OTPaHUYMBAIOT €T0 U pa30MBAIOT HA MHTEPBAJIbI
3HAKOIIOCTOSIHCTBA, MPU 3TOM 3HaK QpyHKIHHU h(X) onpenensercs Ha KaXI0M TaKOM
WHTEpBAJIE.

5. Pemienuem sBisiercs 00beMHEHHE OTAEIbHBIX MHOXKECTB, HAa KOTOPBIX h(X) umeer
COOTBETCTBYOINH 3HaK. [locne nononHuTensHON npoBepku Touku O/13, aBisomuecs
rPaHUYHBIMH, BKIIIOYAIOTCS (UM HE BKJIIOYAIOTCS) B OTBET.

e



MeToa UHTEpBaJIOB OCHOBBIBAETCSI HA TOM, YTO HeNpepbIBHAs GyHKIUS h(X) MeHseT 3HaK 00 B

TPaHUYHBIX TOUKax «paszpbiBay Ha OJ13, mubo mpu nepexomae uepes 0, T.e. B TEX TOUKAX,
KOTOpBIE ABISIOTCS KOPHIMHU ypaBHeHuUs h(x) = 0. B npyrux Toukax nepeMeHbl 3HaKa He
MPOUCXOMMNT.

ITpumep.
Ax+1 50
x=5
Pemnth HepaBeHCTBO
Pemmer—--
x+1=20,
x=5=0 e U o
O/13: Saadistelbaaiiale) VD' [-1; 5) G+ )
\;‘x +1 -0
x=5 '

Pemnim ypaBHeHne
Yucnutens apodu pased 0 mpu X = -1, 3T0 U eCTh KOpeHb ypaBHeHUSI. OTMETUM HailIeHHBIH
KOPEHb Ha YHCIIOBOM MPSIMOM (YEPHBIM KPY>KKOM, T.K. HEPAaBEHCTBO HECTPOTOE),

ram AT Asar A TEY vra Arw rameree Y TTD

= ' +

hd

5

'
il |

7

0+ 1
0) = =—— <0,
J©) Sk

YtoOb! onpeenuTh 3HaK Ha mpoMexxyTke (-1; 5) Bo3pMeM uucio 0,

7

3

J®="

Lh

YrtoObl onpeenuTh 3HaK Ha BTOPOM ITPOMEKYTKE BO3bMEM YHUCIIO 8,
Touku 0 1 8 BEIOMpPATUCH MPOU3BOJIBHO, HO TaK, YTOOBI YIIPOCTUTH MPOLIECC BBIYUCICHUS
Ka)KJIOTO 3HA" g3 Ms (GyHKIMH.

Otsert: (-5; + ).
1 Bapuanr:
2
1. 2= s
4x* - 25

2. V2x—-T7<x+2;
3. (2x—1)fx? +x+1)-0;
4. 10g,5(4x—7)<log,s(x+2),

5. 4% <0,25.
2 BapuaHT:
1. 2(x-3) - 0;
(x +1)2
2. x+8>6x—-1;
3. (x*—4x+3)3x-1)<0;
4. log,(2x—4)<log,(x+1);
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5. 0,4%">016.

Kpurtepuu oneHnBanus:

Onenka O0ocHOBaHHNE OLICHUBAaHUSA

«OTANYHO» Bce 3apanus BBIIOJIHEHB! IIPABUIIBHO
«Xopouio» [TpaBUIbHO BBINIOJIHEHBI JHOObIE 4 3a1aHUS
«Y 1OBIETBOPUTEIILHO) [TpaBUIBHO BBHITIOTHEHHI JHOObIE 3 3a1aHUs
«HeynoBiaeTBOpUTEIILHO» [IpaBuiIbHO BBINOIHEHO MEHEE 3 3a1aHU

Hcnonb3oBaHHas auTeparypa:
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